This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TOEATY (PCT) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intemauonal Bureau 




(51) International Patent Classification ^ : 
C07H 21/00, 19A0, 19/06 




(11) International Publication Number: 
(43) International Publication Date: 



(21) International Application Number: P<Jr/US97/J2888 

(22) International Filing I>atc: 23 July 1997 (23.07.97) 



(30) Priority Data: 

60/022,573 



24 July 1996 (24.07.96) 



US 



I (71X72) Applicant and Inventor: HANNA, Michelle, M. fUS/USJ 
804 Hoover Street, Norman. OK 73072 (US). 

I (74) Agents: PALMER, John ct al.; Ladas & Pany. Suite 2100, 
5670 Wilshire Boulevard, Los Angeles, CA 90036 (US). 



WO 98A)3S32 

29 January 1998 (29.01.98) 



(81) I>«^nated States: AL. AM. AT. AU, A2, BA, BB. BG. BR. 
BY, CA. CH, CN. CU. C2. DE, DK, EE, ES, FI GB GE 

Ls" lT1 IWl' ^r.^'b'"''^ 

m ' MX. NO. N2. 

SL, TJ. TM TO 
V^* ^ ARIPO patent (GH KE 

\fn ^""^'^ parent(AM a£ BY 

KG. KZ, MD, RU. TJ. TM), European patent (AT BE. CH 
DE. DK, ES, n. FR, GB. GR. IE. FT I U MC NU Pt' 

MR, NE. SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: BASE-PRO-reCTED NUCLEOTIDE ANALOGS WITH PROTECIBD THIOL GROUPS 
(57) Abstract 

, e„zy.2 -.^^^'-fi^I'Tu^^tS^^^^ ^-r.'^^ «^ i^NA and RNA by chemical or 

phosphortcster chemistor as well as n«|e„ts ^^b'^t^ L TKUjlZ^WA^^^ phosphoramidite. H-phosphona.e or 

I by PCR or other nucleic acid amplifiration techniques^e nuc^cotidf L^S^-' ^^n^ostoble polymerases employed 

incoT^rated into oligonucleotides ^or polynucteoS^pSLCS^ anl^^en^kS wit^'f^ctSn-Ti^ 

groups are diemselves antigenic and may be left on the . , ^/"n«»«>'w' group. In some cases the protecting 

synthesizing oligonucleotidL with a So^ al^X ting'r S^T ^^^^^ ^ 



BNSDOCID: <WO_9803532A1_L> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pami^tets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


i^otho 


SI 


Slovenia 


AM 


AnnenU 


Fl 


Fin land 


LT 


Lithuania 


SK 


5k>vakia 


AT 


Austria 


PR 


S'rance 


LU 


Luxembourg 


SN 


Senegal 


AU 


AustnlU 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


G£ 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


Gil 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The rormer Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Fato 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 

UA 


Trinidad and Tobago 


aj 


Benin 


IE 


Ireland 


MN 


Mongolia 


Ukraine 


BR 


Brazil 


IL 


Isnwl 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


teeland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


luly 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


COtc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba . 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Ruuian Federation 






DE 


Genu any 


U 


Liechtenstein 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







20 



WO W/03532 PCT/US97/12888 

BXSB-PROTECTSD HUCLSOTXDB A21XZiOG8 
WITH PKOTSCTED THXOL GROUPS 



STATEMENT REGARDING FEDERA LLY SPONSORED Rrsi^ARCH OR DEV^T/^ 

Not Applicable 



BACKGI^OUND OF THE TNVENTTON 

The present application claims the benefit of the filing date 
5 of U.S. Provisional Application 60/022,573, filed July 24, 1996. 

The present invention is directed to thiol-protected 
pyrimidine nucleotide analogs which can be used, as one example, 
for syntheses of DNA and RNA by chemical or enzymatic methods. The 
subject analogs include reagents suitaUDle for DNA or RNA synthesis 
10 via phosphoramidite , H-phosphonate or phosphotriestcr chemistry as 
well as. reagents suitable for use by RNA and DMA polymerases, 
including thermostable polymerases employed by PCR or other nucleic 
acid amplification techniques- Methods of synthesizing the 
nucleotide analogs are also provided by the present invention. The 
15 nucleotide analogs of this invention can thus be incorporated into 
oligonucleotides ^or polynucleotides, deprotccted, and then 
derivatized with a functional group. 

Oligonucleotides with a variety of modifications have 
widespread utility for many purposes, such as stabilizing 
oligonucleotides to degradation, introducing reporter groups, 
allowing site-specific delivery of therapeutics, and introducing 
crosslinkers. Such modifications can occur as modified 

intemucleotide phosphate linkages or analogs of such linkages, 

1 
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.odlfled ,ugar3 or modified b.«a. AdditionaHy, 5-- or 3.-.„a 
oo„iu,.tes Of the oli,o„ucl.otid« represent mother ole.e of 
modified Oligonucleotides, ihe present invention relates to bese- 
»odified nucleotide .«ie,e with protected thiol groups, these 
analogs sr. intermediates for chemical or enzymatic synthesis of 
oligonucleotides and polynucleotides. 

The synthesis of oligorihonucleotides and oll,od.o«yribo- 
nucleotides (i.e. oligonucleotides, containing base-modified 
nucleotides at specific positions provides a powerful tool in the 
analysis of protein-nucleic acid or nucleic acid-nucleic acid 
interactions. These oligonucleotides have many other potential 
uses, such as the site-dlrccted delivery cf therapeutics, utility 
as anti-sens, therapeutics, and utility as" diagnostic probe. 
Hucleotlde analogs can be introduced into nucleic acid, either 
.nzymattcally. utilising DNA and ^ polymerases, or chemically 
utilizing manual or automated synthesis. Preparation of sucl^ 
Oligonucleotides by automated synthesis utilising. f„ ...^^^ 
Phosphoramidlte nucleotides .llo« for incorporation of a broad 
r«.ge of nucleotide analogs without the restraints for specific 
substrate conformation of the nucleotides that is imposed by most 
polymerases. often, nucleotide analogs containing photoreactive 
crossimicing groups are introduced into oligonucleotides to probe 
protein-nucleic acid interactions via photocrosslinking (for a 
partial review, see Hanna, 1989, aathsdfi Enzaial. iaa:3a3-409, and 
H-nna. 1996, „^^^^ TnTynnl . 273 chapter 31,. Deoxyollgonucleo- 
tides containing 4-thiothymldine have been prepared and used for 
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Photochemical crocsliniclng of proteins directly to the nucleotide 
bases through the group (Nikiforov ^ ^. , Ha^l^ ^, 

2fl:i209-l4,. Similarly, oligonucleotides containing 3-(amino. 
propyl, -2 -deoxyuridine have t,een prepared and the a»ino group 
subsequently modified with fluorescent, photoactive or other 
reporter groups (Gibson ^ ^. , Na^leic acMs Ess. iS:6455- 

66). However. the former thiodeoxynucleotide suffers the 
disadvantage that if it is modified with a thiol modifying reagent 
the normal Watson-Crick base of the nucleotide is drastically 
affected, making this and similar analogs generally unsuitable for 
use in enzymatic nucleic acid synthesis. 

Other analogs involving modifications at the C5 position of 
deoxyuridine have also been previously reported. The thiol- 
containing analog, 5-thiocyanatodeoxyuridine phosphoramidite , 
provided a 5-mercaptodeoxyuridine moiety within the oligonucleotide 
following reduction of the thiocyanate (Bradley 4 Hanna, 1992,. 
However, the thiocyanato moiety displayed variable stability during 
synthesis of both the nucleotide and the oligonucleotide and 
therefore this compound did not represent an ideal analog for 
incorporation of 5-thiol modified nucleotides into nucleic acids. 
The syntheses of a series of phosphoramidites containing alkylthiol 
tethers at the C5 position of deoxyuridine has been reported 
(Goodwin . Click. 1993, . The thiol groups in these analogs are 
attached to the ring by either a three, four, or five carbon chain. 
The presence of the carbon chains makes the minimal distance 
between the molecular probes and the oligonucleotide greater than 
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that whicli can be achieved with our analog. in addition, these 
compounds represent alkyl thiol analogs which have a lower 
reactivity for modification of the thiol group than the 5- 
nercaptopyrimidine analog. This is due to an increase in acidity 
5 of S-mer-captopyriiaidines (pKa-5-5.6) over alley Ithiol moieties 
(pKa-8-10) . Phosphoramidites containing alkylthiol tethers at the 
N3 position of thymidine have also been prepared, but the position 
of this modification results in a disruption of the Watson-Crick 
base pairing. These analogs have been used mainly for preparing 

10 disulfide cross-links in DNA for studies involving stem loop and 
triple helical structures (Click, 1991; Goodwin et al . , 1994). 

Several 5-modified deoxyuridine phosphoramidites are 
commercially available which contain functional groups (i.e. 
carboxylic acids or alkyl amines) for post-modification following 

15 incorporation into the oligonucleotide. Likewise, alJcyl thiol 
ethers of 5-mercaptodeoxyuridine containing protected carboxylic 
acids and alkyl amines have also been described (Bergstrom et al. , 
1991) , The protected functional groups in these analogs are not 
attached directly to the ring but are positioned at the end of 

20 carbon chains. These groups are not as easily modified as 
mercaptans: the functional groups formed during post -synthetic 
modification are limited, and an easily cleavable group is not 
available. Thiol -containing phosphoramidites for incorporating 4- 
thiothymidine (Clivio et al., 1992; Xu et al., 1992c), 4- 

25 thiodeoxyuridine (Clivio et al. , 1992; Coleman & Kesicki, 1994), 2- 
thiothymidine (Connolly & Newman, 1989; Kuimelis & Nambiar, 1994), 

-4- 



10 



15 



20 



25 



W0 98A»3532 PCr/US97/12888 " 

6-thiodeoxyguanosine ( Chris topherson ^Broom. 1991; Waters \ 

Connolly, 1992; Xu et aj . , i992b) and 6-thioinosi„e (divio et ai . 
1992a) have been reported. These analogs can occupy internal 
positions within an oligonucleotide and can serve as photochemical 
crosslinkers. However, they cannot be further modified without 
disrupting Watson-Crick base pairing, and therefore, as 
photocrosslinking probes, these analogs are only useful for 
evaluating interactions which occur directly with the nucleotide 
base. Modification witn other molecular probes (e.g., fluorescent 
tags) would also disrupt Watson-Crick base pairing, m addition, 
the deprotection of oligonucleotides containing these thiol- 
modified nucleotides »ust be carefully monitored to prevent 
conversion of these analogs to the corresponding oxygen and 
nitzrogen derivatives . 

Described herein are nucleotide analogs which can be used for 
site-specific modification of DNA or RNA at internal and terminal 
positions within the DNA or RNA sequence, and after modification, 
for molecular probes which can be placed at variable distances from 
the DNA or RNA backbone. 

The present invention provides novel base-protected nucleotide 
analogs, both ribonucleotides and deoxynucleotides , that contain 
masked thiol groups on the 5 position of pyrimidines. which is not 
involved in Watson-Crick base pairing. These analogs can be 
incorporated into oligonucleotides via automated synthesis and 
isolated With the thiol protecting group intact. After removal of 
the thiol protecting group many types of functional groups, such as 
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pnotocroBslinklng^ a^e„t^,-^uoreseent: tiags, radioisotopes, biotin. 
reporter molecules, spin labels (e.g., conanercially available 
proxyl or tempo), cheailumineecent , antigenic or other functional 
groups, can be site-specifically attached by utilizing thiol- 
modifying reagents. This feature adds a level of specificity to 
the oligonucleotide modifications not present with the amino-tagged 
analogs previously described (Gibson si al, 1987), and enables 
examination of molecular Interactions that are not directly at the 
nucleotide base by allowing functional groups to be placed at 
varying distances from the base or helix strand. since these 
analogs have the functional group attached via the sulfur atom, 
some have the further advantage of being cleavable under conditions 
Which will not degrade or modify the oligonucleotide. 

SUMMARY OF TOF TTTVENTTON 

15 This invention relates to pyrimidine nucleotide analogs which 

contain modified bases with protected thiol groups attached at a 
position on the base, preferably the 5 position, which is not 
involved in Watson-Crick base pairing. These nucleotide analogs 
are intermediates in chemical or enzymatic nynthesis of DNA or RNA 

20 Oligonucleotides and are therefore stable under conditions required 
for synthesis of these molecules. After synthesis, the protecting 
group on the analog is removable to generate a reactive thiol 
group. once generated, the thiol group can be treated with thiol 
modifying reagents to attach functional groups such as crosslinking 

25 agents or reporter molecules. 
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in particular, the nucleotide analogs of the piresent invention 
have the formula; 




wherein 



R, is -H, -OH, a mono, di, or triphosphate group, or 

Rj is -H, -OH, a mono, di, or triphosphate group, a 
phosphor-amidite group, a phosphorothioamidite 
group, a phoepfaonate group, an O-substituted 
monophosphate group, -qr^, or a solid support honded 
via an o at the 3' position; 

R3 is -H, -OH, a mono, di, or triphosphate group, or 

R4 is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
tfiiol group attached at the 5 position on said base 
that is not involved in watson-CricJc base pairing 
or does not disrupt normal Watson-Crick base 
pairing, said protected thiol group being stable 
under conditions of chemical nucleic acid synthesis 
and/or conditions of enzymatic nucleic synthesis 
and being convertible to a reactive thiol <SH) 
after said synthesis- 



WO9a/03532 

PCT/US97/12888 " 

Pr.f.rr.d nucLotide a„.loga of th, pr«e„t invnti™ the 
protect.c pho=,phor.»i<,i1:.3 or 5- „o„o. di .nd triphosphate, of 
»cdi«.d cytokine or uridine baoec ,or use i„ the che»ic.l 
synthesis of D»A and «K* by th. phosphora^idite ».thod or en,y»ati= 
5 synthesis vith polymerases. lipases. or other nucieotid. 
polymerizing enzymes. 

in addition, the nuoleotide analogs of the present inv«,tion 
include other nucleoside phosphates, containing s', or 3. 5. 

monophosphates. diphosphates, or triphosphates a«i further 
" optionally co^rising 2- nono. di, or triphosphates when the 
nucleoside is a ribonucleoside. 

another aspect or this invention provides nucleic acids and 
oligonucleotides containing the subject nucleotide analogs having 
a protected thiol group on a base „oiety of that nucleic acid or 
IS Oligonucleotide. A «thod is also provided to synthesize these 
nucleic acids or oligonucleotides, deprotect th. thiol group and 
attach a functional group to the reactive thiol moiety. 

vet another aspect of this invention is directed to a method 
Of synthesizing the subject base-protected nucleotide analogs. 

DESCTTrfTOM OF T OT nmwTMcg 

Figure 1,- synthetic pathway for th. o«P-lab.l.d phosphora- 
-idite (compomul 7). p.action conditions are as follows 

a. SCHCl,CH,CO,H, b, DTT.MeOH.EDTX, o, 2 . 4-dinitrof luoro- 

b. nr.n..Et,N,CH,a., d) HaOM.,«.oa; e, D«T-BF-..DBMP.CH,C».. f, 2- 
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cyan© e_t h yJl. - W , N N _r , W ' - t e_t rais opropyi- 
phoephorodianidlte , tetrazole , CH,CN . 

rigore 2: A. RP HPLC chromatograms of Oligonucleotides A 
and B. The purified 7-itters were analyzed by analytic HPLC on an 
Ultrasphere ODS column, eluted with a IS minute linear gradient 
from 5* to 20* (v/v) acetonitrile in 20 an TEAA (pH 7.1), 
(a) Oligonucleotide A, GTA TGT A, eluted at 9.8 min. (b) DNP- 
labeled oligonucleotide B, GTA T*GT A, eluted at ii.e min, where T 
represents incorporation of the DNP-analog described in Figure 1. 
B.RP HPLC profile of enzymatic degradation of Oligonucleotides A 
and B. The 7-mers were subjected to enzymatic treatment with 
Nuclease PI and CIP. The reaction mixture was analyzed by 
analytical HPLC on an Ultrasphere ODS column, eluted with a linear 
gradient of acetonitrile in 100 mH TEAA (pH 7.1) from 0% to 5% 
(v/v) in 5 min, 5% to 6% (v/v) in 15 min. , 6% to 50% (v/v) in 5 min 
and finally 50% to ao% (v/v) in 15 min. (a) oligonucleotide A 
reaction. (b) DKP-labeled Oligonucleotide B. 

Figure 3: A.: Gel electrophoretic analysis of DNP-labeled 
oligonucleotides. Thef^P] labeled oligonucleotides C-F (Table 1) 
were analyzed by electrophoresis on a 25* polyacrylaaide-7M urea 
gel (acrylamide/methylene bisacrylamide=i9:l) . Lane 1: Commercial 
24-mer marker, CGC gga ATT CTC ATG CAT TGC CCA; Lane 2; 24-mer, 
Oligonucleotide E; Lane 3: DNP-labeled 24-mer, Oligonucleotide F.- 
Lane 4: 22-mer, Oligonucleotide c; Lane 5: DNP-labeled 22-mer, 
25 Oligonucleotide D. B. : Gel electrophoretic analysis of the 
deprotection and alkylation reactions. Oligonucleotides E and F 
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were reacted with 1.4 M BME. Half „^ 
,^ , ^ reactions 

19.1). LaM 1: OligonuciMtia. £ , i 4 „ 
BHE .t roo» te„p„a*„„, ^ ^^^^^ ^ « 

Oli^onucleotlae ..... ^. T^..^' " 

X-ne 6= x.„e 5 reaction . , " ^ 

BME at 45-c,. Lane a. ■, ~ ^- 

i««iB a . Lane 7 reaction + 5-IAF. 

Piwe 4: Analysie of PCR products. 

A. P« products were analyzed ^y electrophoreala on a l s» 

:r::/" . — witn etn.d.u. .ro^id.. 

Hxnd XX, ..r.ers, ^. Oll^onuoXeotlde E .a 

. prx^er, x.ne 3= Pc« product usln, ».P-x.^.ed OXi,=„ucleotide r 
« a prx».r. xc represents =cyX.ne cyanol and BPB represents 
broaophenol blue. ^ 

B. oot BXot i»™nodetectio„ of DNP-ia.eled pe« products 
were attached to e ny.on ,en.r.ne, incubated „it. a pr^ 

L u2 " '"""^^ " - — « 

C.e„xxu..nesce„ce was used for detection. Upper paneX: PCK product 
u.^ 0HP-Xa..xed oxi,o.u=x.otide . as a primer, Xower paneX- Pc« 
product using Ollgonucieotide E as a pri..r. 

Modif'T' " -=-"nKin, to Site-Specif ieaXXy 

Modified DNA ^^^y 

TO anaxyze tne OH.-prot,in =o.pXexes i„ tn. transcription 
=»px«c a deo,y„ucXeoside pnosp^ora»idite -as incorporated site- 
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specifically ±rxt,o a single-s-tranded DKA oligonucleot^ide via 
au'toxaated synthesis. In these &t:udie£, the nucleotide analog was 
modified vith a masked reactive thiol group on the non-basepairing 
5 position of deoxyuridine (5-S--DNP-dU, Figure 1) . The 
oligonucleotide was then radioactively leibeled uniquely on the 5' 
phosphate of the nucleotide analog with polynucleotide kinase and 
^y.szp^ j^XP (Step 1) . The radioactively labeled ^ base<^inodif ied 
oligonucleotide was then annealed to a single-stranded DNA template 
(Step 2) and incorporated site-specifically into double stranded 
DWA by primer extension (Step 3) . The protecting group was then 
removed from the double-stranded DNA by treatment with fi- 
mercaptoethanoi (Step 4) , and after removal of the BME, a 
functional group was added to the unmasked thiol group. For 
crosslinking, the DNA was reacted with azidophenacyl bromide to 
attach a photoreactive azide group (Step 4). RNA polymerase and 
transcription factors are then added to assemble a complex on the 
modified DNA, and the complex is irradiated with ultraviolet light 
to covalently join the DNA to proteins which are bound adjacent to 
the crosslinker (Step 5). Lastly, the DNA-protein complex is 
treated with a nuclease which leaves 5' NMPs to digest the DNA to 
a small fragment (Step 6) - This will leave a single radioactive 
label on the 5' phosphate of the nucleotide involved in the DNA- 
protein crosslink* 
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P E TftlLEp PT i BCBIPTTOW OP tht' Twy^T ^,. 

pr...„* i„,„ti„„ ^„ . ^^^^^^ nucleotio. 

ch.,i=.I cr „^«i= synthesis o, „„cl.ic ,r^^,^ 
synthesis .=«h oli,onucl.otid« ^ polynu=is.tia.s . ,rh. 

nucleotide a„.x=,s of this invention, which contain a protected 
thiol ,„up, o.n thus he incorporsted into ™* ^ 
standard synthetic conditions without loss of the thiol protecting 
^P. T,>is stability Of the thiol protecting ^oup per^^. 
selective introduction into a nucleic acid o. the nucleotide analo, 
.n a «nner which facilitates later addition of a functional ,roup 
at that site. Thus, the suhj.ct oligonucleotides ,or polynucleo- 
tides, can contain on, ,or „ore, of the subject nucleotide analog 

Thus , functional groups which can not withstand the conditions 
for ch.„ical nucleic acid synthesis, especially durin, auto^ted 
thesis, or Which »ay be too bul^cy or sterically hindered for 
«sy„ati= nucleic acid synthesis can he readily incorporated into 
the final oligonucleotide ,or polynucleotide, product. such 
derivati^d nucleic acids have great utility in studying protein- 
nucleic acid or nucleic acid-nucleic acid interactions, as well as 
the potential for diagnostics and delivery of therapeutics. „.„ce 
the present Invention per»its the s,cilled artisan to place chemical 
tags such as crosslinking groups. fluorescent ^lecules 
radioisotopes or other reporter -olecules at specific positions on 
nucleic acid Molecules for analysis of molecular ^.chanis... fcr 
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creation of diagnostic probas^ for therapeutics, for antisense 
therapeutics and for many other purposes. 

In particular, the nucleotide analogs of the present invention 
are intermediates for the chemical synthesis of DNA and RNA by 
manual or automated techniques and are represented by the formula: 



wherein 




is -H, -OHr a mono, di , or triphosphate group, or 

Rj is -H, -OH, a mono, di, or triphosphate group, a 
phosphorfoaidite group, a phbsphorothioamidite 
group, a phosphonate group, an O-substituted 
monophosphate group, -OR^, or a solid support bonded 
via an o at the 3' position; 

R3 is -H, -OH, a mono, di, or triphosphate group, or 

R^ is a lower alkyl or a protecting group; and 
fi is a modified pyximidine base comprising a protected 
thiol group attached at a position on said base/ 
preferably the 5 position, that is not involved in 
Watson-Crick base pairing or does not disrupt 
normal Watson-Crick base pairing, said protected 
thiol group being steible under conditions of 

-13- 
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che^ici nuclei. .^„^„,3 ^^^^ condition." 

o« «.y«1:ic nuoloic ,y„«...i. „^ ^ 
convertibl. to a r«ctiv. thiol 
synthesis. 

AS us.a n.r.i„, p„t.ctin, ^.p. ^ 
those o. or-inar, sKill in the i„.,„,, 

,«up 3u.t»hle ,o. p^tection o, the ... „ 3- hy..o^,. J 
ribose and the 3' or 5' hvdrov,,! - ^ jr a or 

hydroxyls of deoxyribose sugars. i„ this 
regard, Greene et al. fioonx t>^ ^ ^. 

fiA. (1990) Protect: ina Grr^n.,.. ... ^ 

Syn^ji^ejn, 2m S^, John Wiiev a -r — 

— / wiiey 4 sons, inc. , New VorJc, NY, provides 

. comprehensive review o. protecting groups, and methods of 
preparing the corresponding protected compounds, which can be used 
.or different reactive groups, including reactive hydroxyl groups 
Accordingly, examples of projecting groups defined by R » 
and are lower al3cyl. lower cyanoalKyl. lower alKanoyl, aroyl 
aryloxy, aryloxy-louer alkenovl h.i , 

iKanoyl, halo.ryl, fluorenylmethyloxy- 
c^bonyl cn»c,. levuloyl. ,-ph.nyl.anth.ne-,.yl, trityl Z 
»on«eth=.ytrityl ,„„,.,. p-.i„ethoxytrityl . ,3op.opyl 

.aohutyl. .-cyancetnyx. acetyl, .en.oyi. phenoxyacotyl. halophenyl ' 
l-(.-chZoro-.-».thylphenyl,-...ethoxy-4-pipe.i,i„y,. ..-acetal ol 

nxtrobenzyl, £art-hutyl.i.ethyl3ilyi ,™o„,, , t.tr.Hya„,„„^, J. 

methoxytetrahyaropyranyl and related groups. 

Preferred R, protecting groupe include S-OH protecting group, 

especially o^.. >-phenylxanth.n.-,-y. 

^ups, and „st preferably ™rr. Preferred R, protecting groups 
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inri^i^ ^ 1 ^O H— pj-Q*^'*g'^^"<? gyeupsj. especially "the acet;yl group. 
Preferred protecting groups include 2 'OH protecting groups, 
especially 2 '-acetal, tetrahydrof uranyl , 4-inethoxytGtraliydropyranyl 
and 1- (2-chloro-4-methylphenyl) -4-iaethoxY-4-piperdinyl groups, and 
most preferably TBDMS. 

AS defined herein, solid supports include controlled pore 
glass (CPG) , polystyrene silica, cellulose, nylon, and the like. 
Preferred solid supports are CPG and polystyrene. An especially 
preferred solid support is CPG. 

R2 can be taken with the oxygen atom to which it is attached, 
to form a phosphoramidite , phosphorothioamidite , a phosphonate, an 
©"Substituted monophosphate, or any other group compatible with 
chemical nucleic acid synthesis, especially automated DNA or RKA 
synthesis. As used herein, the phosphoramidite and 

phosphorothioamidite groups have the general formulas I and II, 
respectively: . 



wherein is lower alkyl, n-cyano alkyl, substituted lower alkyl, 
aryl, aralkyl, substituted aralkyl and the like, and and R^ are 
independently lower alkyl or when taken together with the nitrogen 
to which they are attached comprise cyclic groups including: 



0 



0 





I 



TI 
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^ ^ ' ^ - =«■ \ / 

As usfid hMein, the tern lower alvvi „k 

^wwcoT axKyi, when used c-i^^^i 

c=...na«o„, refers .o .X^l ^„„,3 eo„«.„i„, on. to " 
atoms. Ix.w.r alkyl groups can b. , • «rbon 

^ncu., : °^ 

3«c-.ut,x, ..o.«yl. t-..t.x.'p;tl X 

carbon at™«. ^ '"""^ °- four 

•n.. t«™ aryl. When used alone or in combination r., 
.romatic ring containing s=ix to ten • « 

15 " ^^"9 carton atoM t>,o _ , 

« group includes phenyl. «,d 3- or 2-n.»b..„, 

group is Phenyl.' P«*erred aryl 

The tera aralkyl refers to ar«i 

-ich suhstituents are attached to the a^h^ ^"""^^ " 
- -est preferred aral^l group i. ^" ^^-^'^-^ 
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As used herein a phosphonat:e group (or H-phospiionate) is 
represented by the formula: 

I 

o 

I 

0 = P — H 

I 

and may also be provided as salts, and preferably as 
-trie-thylananonium salts. 

AS used herein, O-substitu'Ced monophosphates have the formula: 

I 

O 

I 

' I 

0" 

wherein is lower allcyl, haloalicyl, aryl, haloaryl, or 

heteroaroaatic . By haloallcyl or haloeuryl is meant allcyl or aryl 
groups, respectively, which have been siibstituted with one or more 
halogen atoms including F, CI, Br, or I. Preferred halo 
substituentis are CI and Br. Preferred groups include 2- 

chlorophenyl , 2 , 5-dichlorophenyl ^ 2 , 2 , 2-trichloroethyl and the N- 
oxide of 4-inet:hoxypyridine-2-methylene groups. 

Modified pyrimidine bases have a protected thiol group 
attached at a position on the base which is not involved with 
Watson-Cric]c base pairing or which does not disrupt normal Watson- 
Crick base pairing. The protected thiol groups of this invention 
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p-ioyea in automated dna qt- » 

«=PAe, the protected thiol 
converted to a reactive thiol fSH, t« >, • " 

(SB) to whien functional 
subs.qu«ntly be add.a usina ,-h • , ""lonal groups can 

a using thiol-„odlryi„, rea9«,t. 

" invantion the protect..' 

include, but are not limited to tne dl . '^"'^ 
-«eln. w,tao„-crl« b.., p.,! ■'""-phen„ group. ^. 

*>ase pairing refers to the hx,rt^ 
P«tem o, ad.„i„e-tn„.„e ba«e paira aL 

Paira. or o. ^a„.„e_„,„. ^.^^^^ ^ 
preferred protected thiol pos^on on pL^Td. 
P-ition on tbe pyri.idine <c,u, ring. - the 5 

The preferred baaas of the n~ . 

Pyri.idinea auch as cytoaine ,o, ^' 

cytoaine (c) , and uracia fo) , 

contain an additional reactive „ " ^S*" 

"i-.. Which „uat aiso T - "ccyciic 

"«-...e Chain Via ciu:/::::::/-- ^-^^^ - 

.hvention can have additional prrecti ^ " 
needed to any of the rinc • • ^'"'^''^^^^^^ groups attached as 

^ the art a„: ^Zl^Z nrii^ ^ "'^ 

s " limited to m2 xt4 

cytosine, M^-benzoyl cytoeine and ■ ' ^^'^^^^^y^ 

ine. and N*-isobutyryl cytoeine. The N^- 
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isobutyryl cytosxne is known by the trade name FOD^" base pr-otection 
(Applied Biosystems, Inc.)- Use of theee further protected bases 
is compatible with incorporation of the protected thiol groups as 
well as subsequent deprotection reactions. 

The bases of this invention also include any related base 
analog that is capable of base pairing with a gucuiine or adenine, 
the corresponding protected analogs as set forth above for use, in 
chemical synthetic methods to produce DNA and RNA. For example, 
such base analogs include, but are not limited to, pseudocytosine, 
isopseudocytoaine, 4-acetylcytosine, 2 '-O-methylcytosine , dihydro- 
uracil , 2 ' -o-methyluracil , 2 ' -O-methyl-pseudouracil , l-methyl- 
pseudouracil , 3^methylcytosine . Bases attached to a ribose or 
deoayribose sugar in an a-anomeric configuration can also be 



In a preferred embodiment the bases of the invention are C, U, 
and protected C. 

The compounds of the present invention also include nucleoside 
phosphates of the formula: 



wherein: 

R, is -H, -OH, a mono, di, or triphosphate group, or 
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is -H, -OH, a mono, di, or 

' oi/ or triphosphate grouD « 
P^osphor.^,,,. — ^ P-phor.^,:j;J 
^oup, . phosphonate .roup, an o-su.^ti.utL 
monophosphate group, -or „r « , stitutod 
Via an o at the 3 ' position; 

R3 is -H, -OH, a mono, di n*- 

Or ax, or triphosphate group, or 

-OR*; 

1. a low« alKyi a protecting group, ^ 
a a ^.«i., ^^^^^^^^ ^ 

in th, ca„ of the ■«.difi.<, protected thio, 

aleo etabie, i.e. ,ot re^vable under I 

under the conditions used 
enzv.et.c eynthesie ot or ;uaditio„.liy the pv 

bases oeneraliv ^ naxiy, the pyrixoidine 

generally do not require protection of the addi^- 
reactive groups such as the exocvc=i- -'^clitional 

«s tne exocyclic amines for enzv™-*-* 
incorporation into ^ or ^. ^cordin,iy the or . 
thie ciae. of co„pounde inciudee c enl u 

and ^ en.od. eii the Phcspho^iated .or^ et the Jd , 

^e.t.one of th. euger noiet, ,end c,- position „He„ the eu^ ^ 

«r..hoeph.tee. .refera... the phosphate group ie e triphoephete 
The preferred compounds of thi^ < 
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dC y and 5-SDNP-C, I n tihe case of ^he pli o fiphoragL idites > the base 
moieties can contain additional protecting groups on the exocyclic 
amines. The preferred compounds also include the 5 'triphosphates 
of 5-S-S-Et-dU, 5-S-S-Et-U, 5-S-S-Et-dC and 5-S-S-Et-C^ S-S-CHg- 
5 NHCOCHgPh-dU , 5 -S-CHj-NHCOCH^Ph-U , B-S-CHj-NHCOCHjPh-C , 5 -S-CHg- 
NKCOCHjPh-dC, S-SCHjCH^DNP-dU, S-SCHjCH^DNP-U, S-SCH^CHgDNP-dC, and 
S-SCHjCH^DNP^C . 

The nucleotide emalogs of the present invention can be 
prepared by adding a protected thiol group to the base moiety of 

10 the desired nucleoside. The so-modified nucleoside can then be 
phosphorylated to produce a nucleotide analog phosphate compound of 
this invention using conventional phosphorylation techniques. To 
produce a phosphoramidite, phosphonate, phosphorothioamidite or O— 
substituted monophosphate of this invention, the 5' -OH or 2'-OH 

15 groups of above-modified nucleoside are protected as necessary by 
addition of the desired protecting group by standard methodology. 
This protection step(s) is (are) followed by conversion to the 
nucleotide-analog phosphoramidite , phosphorothioamidite , 
phosphonate or O-suibstituted monophosphate by reaction of the 3 'OH 

20 of the nucleoside with the appropriate modifying group. Similarly, 
the 3 'OH can be attached to a solid support, such as CPG, or 
another protecting group using conventional methodology available 
to the ordinarily skilled artisan in this field. 

For example, to prepare protected thiol7groups at the 5 

25 position of uridine or 2 ' -deoxyuridine nucleosides r the sulfur atom 
must be incorporated on the base, for which the method of Magamachi 
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*n equiv.l.„r potassium thio=y„a«e i, dIa.olvad . 

solution of chorine in glaciai acetic acio to produce th. 

thiocyancan ciaoride in solution. An iodo-etric titration is 
performad with cl,/HOAe to datatinin. th. ««=unt ot CX, p„a«,t -rne 
solution can be us.d dixectlj- or filtered prior to the n,^ 
m either case, the ac.tyl-protected o or au is added all at oncl 
with stirrin,. This reaction is maintained with stirring at roo. 
temperature for about 1.5 hours until the reaction is completed 
An excess of cyclohe,«.e or other ,u«.ching agent is then added to 
quench any remaining thiocyanogen chloride, ouenchin, is complete 
in 15 to 60 „in, and usually in about 30 .in. After removing 
solvents and organic residue in vaa^, the remaining residue can be 
purified by silica gel chromatography with a gradient of petroleum 
ether end ethyl acetate =r with other chromatographic methods. 
These acetyl-protected 5-thio=yanato do and O nucleosides can then 
be reduced to 5-mer=apto nuclaosides for further derivatization as 
described herein to produce the nucleotide analogs of the present 
invention. 

The mono-, di-, tri or tetra phoophate compounds can be 
prepared by a similar reaction by beginning with the appropriate 
starting 5-thioprotected nucleoside. if necessary, the 2'-OK of 
the riboce sugar can bo protected prior to the reaction using any 
Of the known 2'-OH protecting groups by conventional techniques. 

The described synthesis and utilization of 5-thiocyanato- 
deoxyuridine phosphora^idite for placement of the sulfur directly 
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ozx rhe base hA8 been previously described (Bradley & Hazma, 1992)/ 
However, the synthesis of 5 '-0-< 4 , 4 '-dimethoxytrltyl )-5-S-{2, 4- 
dinitrophenyl ) inercapto-2 ' -deo3cyuridine-3 ' -0-< 2-cyanoethyl-iV,^' - 
diisopropyl) phosphoramidite is more reproducible and the product 
5 is more stable than 5-thiocyanatodeoacyuridine phosphoramiditie and 
represents a more desirable analog. A variety of fimctional groups 
can be attached to the reactive thiol. Once this modified 
nucleotide is incorporated into an oligonucleotide or nucleic acid, 
the protecting group can be removed to unmask the reactive thiol, 
10 making it available for further derivitization with thiol-specif ic 
agents. This method has the advantage that an oligonucleotide 
tagged with this analog can be oynthesizcd and stored for long 
periods without removal of the protecting group. When needed, an 
aliquot can then be deprotected and modified. In addition, in some 
15 cases the protecting groups are themselves antigenic (e-g., 'DNP) 
and may be retained in the nucleic acid product for detection 
utilizing antibodies. 

One method used to produce one of the nucleotide analog 
phosphoramidites ,of this invention and described in detail in 
20 Example 1 below is shown in Fig. 1- Briefly, as depicted, 5-SDNP- 
dU or 5-SDNP— U are prepared by reduction of the SCli, protection of 
the thiol as the DNP ether, and de-esterif ication of the sugar 
ring. The protected- thiol nucleoside thus formed is then reacted 
with the DMT*BF^', or another 5 'OH protecting group, in an anhydrous 
25 organic solvent in the presence of an organic base for 2-2 4 hours 
until the reaction is complete. The resulting product can be 
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isolated by liquid chromatographic methods and then converted to a 
CED phosphoranidite by reaction with 2-.cyanoethyl N, n, N', n*- 
tetraisopropyl phosphordiamidite and tetrazole under anhydrous 
conditions and in an inert atmosphere. This reaction is preferably 
stirred for 1 hour, although this time can be varied, the solvents 
removed in vasm and the residue purified by chromatographic 
methods. Exposure to atmosphere is acceptable but should be 
minimized. This phosphoramidite can be stored dry under positive 
pressure of inert atmosphere (argon or nitrogen) in a tightly 
sealed container at low temperature. 

Other phosphoramidites of this invention can be prepared by 
reaction with the appropriate chlorophosphoroamidite. For example, 
the o-methylphosphoramiditee can be prepared by reacting the 5- 
SDNP-5'-DMTr-dU with N,N-diisopropylmethylphosphonanidic chloride 
by conventional techniques. Similarly, the phosphorothioamidite , 
phosphonates, O-substituted monophosphate can be prepared using 
conventional techniques with commercially available reagents. Ae 
mentioned above to avoid unwanted side reactions, protection of the 
5 'OH and 2 'OH groups on the sugar moiety and the exocyclic amine 
groups on the base moiety may be necessary before the final 
reaction step which produces the nucleotide analogs of this 
invention . 

In general the chemical synthetic routes to nucleotide 
phosphoramidites, phosphorothioamidites , phosphonates and o- 
substituted monophosphates, as well as nucleotide phosphates, are 
well known. in addition, nucleoside phosphates can be 
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enzymaticaily synthesized • Cheiaical synthetic techniques for these 
conipoiinds, as well as the conmon synthetic routes to prepare rna 
and DNA, have been described in many sources. Particularly, useful 
references include Gait (1964) oligonucleotide Synthesis: a 
5 Praciiical Approach . IRL Press, Oxford; Blackbxim s£ Si- (1990) 
Nueleic Agids i,n Chemi gi^rv and Biology. IRL ^ress , Oxford, 
especially Chap- 3; Chaps 13-16 of Methods in Enzynioloov. Vol. 1S4 
(Wu et al. , eds. ) Academic Press, San Diego, OA, 1987; Chaps* 13- 
14 in Methods in Molecular Biology , Vol. 4 (WalJcer, ed. ) f Humana 
10 Press / Clifton, NJ, 1988; and Uhlmann ct al. (1990) Chem, Rev . 
90:544-584. 

In addition to providing methods for chemical synthesis of DNA 
and RKA, some of these references (particularly Gait and Uhlmann et 
al , ) describe the reactions and methodology for adding protecting 

IS groups to 5 'OH, 3 'OH and 2 'OH groups, and exocyclic amine groups 
(N* of adenine, of cytosine, of guanine). These references 
also provide information and protocols to attach nucleotides to 
solid supports which protocols are useful for attaching the base- 
protected nucleotide analogs of this invention. 

20 The synthesis of 5-SDNP-dC and 5-SDNP-C can be accomplished by 

reaction of 5-Br-dC or 5-Br-C with sodium hydrogen sulfide, as 
described by Solan, followed by conversion into the DNP thiol 
ether. in these cases, it may be necessary to first protect the 
4 amino group of cytosine (e.g., as the iso-butoxy amide) and 

25 complete the remaining protection steps (5'-0-DMTr and 2'-0-TBDMS, 
if needed) before preparation of a CED phosphor amidite or 
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conversion to the triphosphate (Suag, 1982 ^ n,. . 
Alternatively, s-s-du or 5-8-D can ^2.3623,. 

can be converted to 
correeponding compounds. Several m^^H h 

several methods are available for th4= 
conversion of u to c, include e 

including Sung, xu, and MacMillan. 

The conversion of 5-SDirP-du and s-SBHP-u to 5'phosnh 
Phosphora^dites. phosphorothioa^dites , phosphonates 
substituted monophosphates has been described herein aboJe I 
these reaction schemes can he used to produce the correspondV 
...ol protected cytosine analogs, .f ^r., various p It^ 
^oup. ... ... 3.0H or g...,. the e j; 

™ can be added i„ _ _ ^^Jj^ 

Another aspect of f-K^.^. 

«a.t.s to the 
an.^ c. tnx. ^v«.t..„ . ^t.c. o. .„p„.n, sue. 
pox^ucot.... thX. X„„«X» ^^^^^^ 

ay....... the „„cX.«X.. .^«Xtut.a 

» pa„.cuxa. „u=X.otXde at t.a aeeX«. point in t>,a .y„th..x. 
A^t.r incorporation of th. nucXaotide anaXo, .nd conpiete 
ev»«>..Xs o« the oXX.onncXeotxa. or poX.nucXaotide. tne tKXoX can 
^ aeprotactaa an. react.. „itH any .>n..er o. tnioX-^ai.,,„, 
«a,,nts .o atta.. a .unotXonaX .roup at tn.. point on 2 
ol.,on„cXeoti<,e or poXynucXeotide . oeprotection of s-ohp or s-s-Et 
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can be accomplished by treatment: with fl-mercaptoethanol or by other 
means of reducing sulfides. in a preferred method for the DNP 
analog, deprotection is accomplished by treating the 
oligonucleotide with 1.4M BME at 45-0 for 4 hours or at room 
ten^era-ture overnight. 

Any variety of functional groups can then be added to the 
reactive thiols group generated by the deprotection step. such 
functional groups include cross-linJcing groups, photoactive cross- 
linking groups (e.g. aryiazides), and reporter molecules such as 
radioisotopes, biotin, enzymes and fluorescent markers. The 
methods for adding functional groups are well know in the art. 

Yet another aspect of this invention provides a method of 
preparing the nucleotide analogs of the invention, m particular, 
this method involves preparing a thiol protected nucleoside or 
nucleotide base wherein said thiol is attached to a position on 
said base that is not involved in Watson-Crick base pairing or does 
not disrupt normal Watson-Crick base pairing; reacting said 
nucleoside or nucleotide base under conditions to effect conversion 
of said base to a phosphoramidite , phosphorothioamidite , 
phosphonate, O-substituted monophosphate or phosphate nucleotide 
analog and under conditions which do not destroy the protected 
thiol; and recovering said analog. m accordance with this 
invention, this method is accomplished as described above for 
synthesis of the subject nucleotide analogs. Recovery of the 
analogs can be accomplished by HPLC, FPLC or other chromatographic 
separation techniques. 
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A further aspect of this invention provides a method of 
syhthesizihg a nucleic acid" with a ^^ctional group by 
incorporating a thiol protected nucleotide analog in accordance 
with this invention into a nucleic acid by a cheaical or enzymatic 
method for nucleic acid synthesis; recovering the nucleic acid 
containing the analog; deprotecting the analog of that nucleic acid 
to produce a nucleic acid containing a reactive thiol group; 
reacting the reactive thiol group with a thiol -modifying reagent to 
thereby attach a functional group and produce the nucleic acid with 
the functional group; and recovering the nucleic acid with the 
functional group. in accordance with this invention, this method 
is accomplished as described hereinabove for synthesis of 
oligonucleotides and polynucleotides (See for example Gait or 
Sambrook et al) • As used herein, nucleic acids include 
15 oligonucleotides and polynucleotides. Preferably, the oligo- 
nucleotides range in size from about 5 to about lOO nucleotides. 
Polynucleotides remge in size from 100 nucleotides to 10 kb or 
more. Recovery of the analogs can be accomplished by HPLC, rPLC, 
other chromatographic techniques, extraction, phase separation or 
20 precipitation. 

While the invention will now be described in connection with 
certain preferred embodiments in the following examples so that 
aspects thereof may be more fully understood and appreciated, it is 
not intended to limit the invention to these particular 
25 embodiments. On the contrary, it is intended to cover all 
alternatives, modifications and equivalents as may be included 
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witAin «ie scope of the inventiion as defined by the appended 
claims. Thus the following examples, which include preferred 
embodiments, will serve to illustrate the practice of this 
invention, it being understood that the particulars shown are by 
5 way of example and for purposes of illustrative discussion of 
preferred embodiments of the present invention only and are 
presented in the cause of providing what is believed to be the most 
useful and readily understood description of formulation procedures 
as well as of the principles and conceptual aspects of the 
10 invention. 



EXAHPIiES 

Procedures 

Materials. Unless otherwise stated, starting materials for 
the chemical synthesis of the phosphoramidite were obtained from 
Aldrich, Sigma, Fluka or Fisher Scientific and were used without 
further purification. Anhydrous HOAc was prepared by fractional 
freezing (Nagamachi et al . , 1974). Anhydrous CH^Cl^ was distilled 
from phosphorus pentoxide. Anhydrous CHjCN was purchased from 
Cruachem. Dowex SOW x4 was purchased from BioRad. Analytical thin 
layer chromatography was performed on Whatroan silica gel 60 plates 
with fluorescent indicator. Column chromatography was performed 
with silica gel 60A from American Scientific Products. Reagents 
for the oligonucleotide syntheses were obtained from Cruachem. 
Standard exocyclic amine protecting groups were used: Benzoyl for 
dA and dc and isobutyryl for dG. Solvents utilized for the reverse 
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p hase chr omat ogra pfaic purif ic ation_of itlie ollgonucleot:lcie6 were ot 
HFLC grade. The fluorescent thiol modifying agent, S-lAF was 
purchased froxs Molecular Probes (Eugene, Oregon). 

Buffers. The buffers used were as follows: buffer A, 100 laM 
5 TEAA (pH 7,1) ; buffer B, 20 mM TEAA (pH 7.1) ; buffer C, 50 mM Tris- 
HCl (pH 4.9), 1 mM MgCl^, 0.1 mM ZnCl^; buffer D, 50 mM Tris-HCl (pH 
9.0), 1 mM MgClj, 0.1 mM ZnCl^, 0.5 mM spermidine; buffer E, 7 M 
urea, 0,05% (w/v) xylene cyanol; buffer F, 5% (v/v) glycerol, 0.04% 
(w/v) xylene cyanol, 0.04% (w/v) bromophenol blue. 

10 Esaymes and Antibodies. Nuclease Pi was obtiained from 

Pharmacia Biotech. OTP was supplied by Promega. T4 Polynucleotide 
Kinase was purchased from New England Biolabs. AmpliTaq Polymerase 
was obtained from Perkin Elmer. Rabbit polyclonal anti-DNP 
antibody was purchased from Sigma. Anti-rabbit Ig, horseradish 

15 peroxidase-1 inked whole antibody was obtained from Amersham. 

Analytical Methods. Melting points were determined on a Mel- 
Temp melting point apparatus and are uncorrected. NMR and ^'p NMR 
spectra were recorded on a Variam XL-3 00 or 500 spectrometer, 
respectively. Chemical shifts are reported in parts per million 

20 (S) relative to internal tetramethylsilane or to external 85% 
phosphoric acid. UV spectra were measured on either a UKB Biochem 
Ultraspec II or a Deckman DU 7 500 spectrophotometer. IR spectra 
were recorded with a Perkin Elmer 710B infrared spectrometer. FAB 
MS were recorded on a vg analytical ZAB-E spectrometer. Unless 

25 otherwise stated, all chemical reactions were performed under a 
nitrogen atmosphere* 
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HPLC analyses were performed wltili a Beckaan LC sys'tem which 
was equipped wi^ a 126 solvent: delivery module and a 168 diode 
array detector and was controlled with Beckman System Gold 
Software. A reverse phase CIS column (Beckman Dlt:rasphere CDS, 250 
5 X 4.6 mm^ i.d.) and guard column (Upchurch, 1 cm x 4.3 mm, i.d.) 
were utilized with both analytical and semi -preparative 
separations. Sample loops of 1 mL and 50 Ml" were used for semi- 
preparative and analytical analyses, respectively. All HPLC 
analyses were performed using a gradient solvent system composed of 
10 triethylammonium buffers and acetonitrile at a flow rate of 1 
mL/min. unless otherwise stated, UV absorption was monitored at a 
wavelength of 260 nm. 

Abbreviations: DNP, 2 , 4-dinitr ©phenyl ; 5-IAF, 5-iodoacetamido- 
fluorescein; CIP, Calf intestinal alkaline phosphatase; TEAA, 
15 triethylammonium acetate; TEAB, triethylammonium bicarbonate; DMT, 
dimethoxytrityl ; RP HPLC, reverse phase high pressure liquid 
chromatography; PGR, polymerase chain reaction; DTI, 
dithiothreitol; EDTA, ethylenediaminetetraacetic acid; DMTCl, 
dimethoxytrityl chloride ; DMT*BF\ , dimethoxytrityl 
2 0 tetraf luoroborate ; BME, ^-mercaptoethanol ; HR FAB MS, high 
resolution fast atom bombardment mass spectroscopy. 

Example 1- Preparation of s-S DKP-dU-phosphoramidite 
Shown in Figure 1 and described in detail below is the pathway 
used for the synthesis of the DNP-labeled phosphoramidite, 
25 Compound 7 . 
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(Coapouatf 2) . 

Anhydrous HOAc (150 mL) was added to a ttiree-neck round bottom 
flask equipped with a vacuxm adapter and teflon needle. Dry Cl^ 
5 was slowly bubbled through the teflon needle into the reaction 
vessel for a brief period. A 5 mL aliquot of the Clj/HOAc solution 
was removed and subjected to iodometric titration to determine the 
amount of Clj added (2»9 g, 41 mmol) (Flaschka et al., 1969). 
KSCM, previously dried overnight at 100 (4.4 g, 45 mmol) was 
10 added to the reaction vessel. The reaction mixture was allowed to 
stir at room temperature for 3 0 min. prior to the addition of 
3 ' , 5 ' -O-diacetyl-2 ' -deoxyuridine , 3 ' , 5 ' -o-Diacetyl-2 ' -deoxyuridine 
was prepared by reaction of deoxyuridine with acetic anhydride in 
pyridine for an 82% yield: mp=iO6-i08*C(Lin & Gao, 1983) (1.1 g, 
15 3.5 mmol). After the mixture was stirred for an additional 1.5 
hours, cyclohexene (10 mL) was added. The mixture was then stirred 
for 15 min. and filtered; the filtrate was concentrated under 
vacuum. Residual HOAc was removed azeo-tropically with toluene and 
the residue was triturated with petroleum ether. The petroleum 
20 ether was decanted and the residue subjected to coltnnn 
chromatographic purification [petroleum ether: EtOAc(2:l - 1:3)] 
which yielded a semi-solid. Recrystallization from £tOH:EtOAc 
provided Compound 2 as a white solid (1.05 g; 82%) :mp 154-156*C; 
IR(KBr) 2140cm-^ (SCN stretch); NMR (CDCI3) 6 9.12(bs, IH, N3H) , 
8.18 (S, IH, H^) , 6.14 (dd, Or«7.8. 5-7 Hz, IH, H^,) , 5 . X3 (m, ±H, 
H3,), 4.24 (m, IH, HjJ, 4.19-4.15 (m, 2H, 11^, and H,,) , 2.32 (ddd, a» 
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14;4r "STT/ 2V1 Hz, IH, H^,) , 2,13-2.07 (m, 7H, 2 CH3 and H^J ; UV 
(MeOH) 270 na. 

syntheais of 3 ' ^5'-o-Diaeatyl-5-mereapto-2 '-dooxyuriiia*, 
(compound 3) • 

This reaction should be performed in a fu&e hood. EDTA (25 
mL; 0.1 M, pH 7.7) and DTT (293 mg, 1.90 mmol) were added to a 
solution of thiocyanate 2 (207 mg, 0.561 toboI) in MeOH (30 mL) • 
The reaction mixture was allowed to stir at room temperature for 35 
min. and was then filtered. The filtrate was reduced to half by 
rotary evaporation, made acidic with 10% (v/v) H^SO^ and extracted 
with CHjClj. The CHjClj extract was concentrated under reduced 
pressure and the residue was triturated with H^O to provide 
compound 3 as a white solid (148 mg; 77%). TLC analysis showed a 
yellow spot upon development with 2 » 2 ' -dithiobis (5-nitropyridinc) 
(Grassetti & Murray, 1969): mp=:*159-163 'C; IB(KBr) 2530 cm"^ (SH 
stretch); ^H NMR (CDCI3) 6 B.IO (bs, IH, N3H) , 7.67 (s, IH, H^) , 6.30 
(dd, J='8.2, 5.8 Hz, IH, H,,) , 5.22 (m, IH, H3,) , 4.43-4.25 (m, 3H, 
H^, and H5.) , 3.60 ,(s, IH, SH) , 2.50 (ddd, Jr=l4.4, 5.8, 2.2 Hz, IH, 
HjJ , 2.21-2.10 (m, 7H, 2 CH3 and H^,) ; UV (0.1 M EDTA w/DTT, pH 
7.76) 260, 334 nm. (The broad melting point range may indicate the 
presence of 5, 5"-dithiobis(3 ' , 5 ' -diacetyldeoxyuridine) • On the 
average, 7% disulfide analog was present in the sample as 
determined by UV absorbance (Imax 335 nm) in the presence and 
absence of JDTT (Bardos & Kalman^ 1966)}. 
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synthoslB pf 3',S'-o-.Diacatyl-5-B-(a,4-diaitropb«yi)aore«pto-2*- 
dsozyurldlMr (Coapound 4). 

2,4-Dinitrofluoroben2ene (57 ng, o.31 nmol) and EtjH (200 mL) 
were added to a solution of aercaptan 3 (86 mg, 0.25 aaol) in 
anhydrous CH,CN (lo ml.) . The reaction mixture was allowed to stir 
at room temperature for 1.5 hours before the solvent was removed by 
rotary evaporation. The crude material was purified using column 
chromatography [Hexanes: EtOAc(4:l to 1:1)]. The product was 
Obtained as a yellow solid (113 mg, 89%) : iR(KBr) 1530, 134o cm ' 
(HO, stretch); 'h NMR (CDCl,) S 9.14 (d,J=2.4 Hz. IH, H, of DNP) , 
8.40 (bs, IH, NjH), 8.31 (dd, J=9 . 1 , 2.5 Hz, IH, H,, of DNP), 8.23 
(S, IH, H^), 7.33 (d,J»9 H2, IH. H, of DNP), 6.32 (dd, J=7 . 8 , 5.7 
Hz, IH, HI'), 5.25, (m, IH, H,,) , 4,44-4.25 (m, 3H, H^. and H,.) , 
2.55 («, IH, Hg,), 2.27 (», IH, H^,), 2.13 (s, 3H, CH,) , 2 . lO (s, 3H, 
15 CH,) ; UV (MeOH) 264 , 323 nm. 

syatbesle of S-8- (2 , 4-Diaitropheayi ) mercapto-2 ' -dooxyuridiae , 
(Compound 5) . 

NaOMe (25* solution in MeOH? 82 uL; 0.36 mmol) was added to a 
solution of compound 4 (92 mg, o.l8 amol) in anhydrous MeOH (6 mL) 
20 and the reaction mixture was maintained at room temperature. After 
2 hours, the mixture was treated with Dowex 50W x4 and filtered. 
The filtrate was reduced by rotary evaporation. The product was 
obtained as a yellow solid following column chromatographic 
purification of the reaction mixture fEtOAc: petroleum ether (1:4 
to l:0)] (62 mg; 81%) : iR(KBr) 1530, 1340 cm' (no^ stretch); 'k NMR 



25 
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(Cd30D) S 9.08 (d, J - 2.4 HZ, IH, H, Of DNP) , 8.85 (S, IK, H^) , 
8.39 (dd, J = 9, 2.4 H2, IH, H, of DNP) , 7.64 (d, J » 9 Uz, IH, 

Of DNP>, 6.33 (t, J = 6.3 Hz, IH, H,.) , 4.45 (m, IH, H,,) , 4.00 (m, 
IH, H^.), 3.84 (dd, J - 12, 3 Hz, XH, H5,) , 3.75 (dd, J « 12 , 3 Hz, 
5 IH, H5 J , 2.50-2.33 (m, 2H, HjJ ; UV (0.1 M TEAA, pH 7.1 with 57* 
CH3CN) 262, 334 nSQ. 

STntboaifl of 5'-0«Diaettaox7trit7l*-5-8-(2r4-dialtropheiiyl)meroapte- 
2 '-deozyuiridiiie (Compound 6) . 

Anhydrous CK3CN (6 aL) was added to a mixture of compound 5 

10 (42 mg, 0.10 mmol) , DMT*BF\(57 mg, 0.14 mmol) and 2,6-di-tert- 
butyl-4-methylpyridine (DBMP) (35 mg, 0.I8 mmol) . The resulting 
red solution was heated to reflux. After 1.5 hours, a second 
portion of DMT*BF^- (26 mg, 0.064 mmol) and DBMP (13 mg, 0.067 xnmol) 
was added and the reaction mixture was maintained at reflux for an 

IS additional 8 hours. The CH3CN was removed by rotary evaporation. 
CH^Clj and 5% aq, KaHCO^ were added to the residue. The mixture was 
stirred briefly and the resulting two layers separated. The KaHC03 
layer was re-extracted twice with additional CHjClj. The organic 
layers were combined, dried (Na^SO^) and reduced. The product was 

10 purified using column chromatography [CKjCljrMeOH: pyridine 
(99.5:0:0.5 to 98.5:2:0,5)] (27 mg: 37%); NMR (CDCI3) 6 9.02 

(d, J - 2.1 Hz, IK, H3 of DHP) , 8.46 (s, IH, H^) , 8.07 (dd, J « 9, 
2.4 K2, IH, H, of DNP) , 7.35-7.09 (m, lOH, H6 of DNP and Ar) , 6.75- 
6.64 (m, 4H, Ar) , 6.41 (dd, J = 9, 2.4 Hz , IH, H, J , 4-70 (m, IH, 

25 K3,) , 4,16 (m, IH, H^) , 3.73 (2s, 6H , 2CH3) , 3.38 (d, J = 7 . 5 Hz , 2H, 
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With 82% CH-CN) 264 33^ « Z'i ' ^ (0.1 M TEAA, pH 7,1 

STathasla or S'-o-r^ a* ^ 

«.rc.pto-2.-aeoxyurldinB-3,-o-(.-eva» . ''"^t^ropi^anyi, 
C=.pou„a 6 ,1, „ ^ 

reaction v.„ei transferred to an a* ' 

"a- A „ix^„e or , a^o^Phere ba, „aied „i«, 

' mixture Of 2-cyanoethyl-N,H B'w f.. • 

Phosphorodlanidite (5 5 ui. „ "'"raisopropyi- 

I = -5 ML, 17 BBol) ana tetrasole fi , 
-a, a„Hy.ro„. CH,™ c.o '"^ " 

- »«intai„e. at roo. temperature for 30 1 I 

-ixture Of =-=ya„oethyl-„,H,„.„..,,_, *" a«i«o«. 

... t.tr„o.e To?r7r""'^"''"'"""' 

„a, a... a. t.. .eaLl": r Lrrrr 

min. ca,Cl /5n -Tt ^ stirred for 3o 

^Cl, (20 mL) and 5% (w/v) aq. NaHCO fis 

the mixture- th*. « • ^ to 

ture, the organic layer was removed and ^ 

v.-r. .riea ,«a,so.. an, evaporate., ^e rel 

colu»ohro«to^ap.iopurificatic„cCKcT« *° 

•5)] to obtaxn co-pound 7 t8.6 .g, 52,, 
product was analyzed by analytical bp . ^ 

-«er . and aceton.trUe ^70, <vv, CHl t " ^ " 
<=H,CN to loot in „ , * "* ^ ' "» 

-no. cv absorption was nonitored at 
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wavelengths of 2Sl4 And 33 0 nm. The diastereomers eluted at 11.09^ 
and 12.4 9 ain, UV scans of tJie diastereoiners shoved absorption 
peaks at 264 and 3 27 nm. Phosphorus NHR indicated the presence of 
two diastereoners [^^P NKR (CDClj) 6 149.12, 149.27 ppm] . 

5 Exan\ple 2. Automated Synthes is of an Oligonucleotide, 

Containing 5-SDNP-*dP 
synthesis and Purification of Oligonucleotides. 

Oligonucleotides were synthesized on an Applied Biosystems 392 
DNA Synthesizer using the standard ^-cyanoethyl -protected 

0 phosphoramidite method. A series of three modified oligonucleo- 
tides were prepared on a 40 nmole scale using a Trityl on method. 
The thiol -protected analog. Compound 7, was manually dissolved into 
anhydrous acetpnitrile at a concentration of 0.027 M and the 
solution was attached to the spare port on the DNA synthesizer. As 

5 the concentration of Compound 7 was lower than the concentration of 
the commercial phosphoramidites used in these syntheses (0.05 M) , 
the coupling time for the modified analog was increased by 120 
seconds. Syntheses of the corresponding unmodified oligonucleo- 
tides were also performed. The sequences of the oligonucleotides 

0 are shown in Table l« 

The oligonucleotides were removed from the column by treatment 
with concentrated NH^OHCl mL.) . Deprotection of the exocyclic 
amines was then accomplished by treatment of the oligonucleotides 
with an additional 1 mL of fresh concentrated NH^OH at room 
5 temperature for 44 hours. The NH^OH solution was concentrated 

-37- 



8NSDOCID: <WO 9803S32A1J_> 



10 



15 



20 



25 



WO 98/03532 

PCT/US97/12888 " 

using a Savant speed Vac without heat s„«, ^ 

p~.o..cax.v «... «o ... =o„=.„«;,^ Tc":"^'"" 
- H«.. ^^^^^^ .u" "b : 

" ^. u.e„ ,0* to xoo» in s " ^" 

in 5 mxn. The 24-iBeT- • 
wer. „ ^^^^^^^ - =l..onu=.e=«a« 

" .in. t^,„ ,0* to aoo* in 5 .in ^ " " 

roXXovin, p„i,ic„io„ o. U: """"^""^ — 

or the olxgonucleotides t-ho r,w« 

"^'^ ^ tre,«„nt with ,o* tv/v, „<« 

4--. ^v/v) ROAc (200 iiT.» 

temperature for 20 «in. Th. , . ^ 

p^ip...to. _i.„..,, into r::Tr -^-^ 

-re. at -.o-c. ^ p„.i,, „ oii,oLL~' 
«ax.ticai «P HPX. ,ri^„ oli^onLrotir ; 

.«.ient o. c„,c» ^„ " a linear 

P«"..<. oii^onuciaotiae. „„1 ;i T'' " 

3A, Oligonuclaotides C-P shown). (Figure 

««..y-tic »i,..ti,a with Hucl.... p, ^„ 

The oiigonuoleotidea * 3 „„. 

-ii9.«ion. The p„« oli,onucleotiae= „.„ ■ en.y«tio 

tiaes were moubated with Hueleaae 
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PI (2 U) at 37 'C Cor 6 hours -in a total voluae of so mL of buffer 
C. Five microliters of lox buffer D and 4 3 of HjO were added to 
the reaction. CIP (2 U) was added and the pH of the reaction was 
adjusted with 5* (v/v) NaOH (0.8 Ml.). The reaction mixture was 
incubated overnight at 37 *C. To recover the nucleosides, ii /il of 
3 M NaOAC, pH 5.3 and 250 of absolute EtOH were added to the 
reaction mixture. The mixture was stored at -80 'C for 4 hours and 
then centrifuged at 14000 rpm for 20 min. The supernatant fraction 
was removed and concentrated. The resulting residue was re- 
dissolved into 35 ML of buffer A and analyzed by analytical RP HPi,c 
(Figure 2B) . The elution gradient consisted of buffer A with an 
increasing concentration of CHjCN (0% to 5% in 5 min., 5% to 6% in 
15 min., 6% to 50* in 5 min. and finally 50% to 80% in 15 min.). 
The uv absorption was monitored at 260 and 330 nm. Commercial 
nucleosides and monophosphates of dA, dC, dG and T were utilized as 
standards. Synthetic 5-S-(2 , 4-dinitrophenyl) mercaptodeoxyuridine 
(Compound 5) was also utilized as a standard. An enzymatic 
digestion without oligonucleotide was performed to identify 
background peaks arising from the buffer and enzymes. 



Deprotectiea and alkylatioa of a DHP-nodifled oligoauclootlde. 

Oligonucleotide F (lOO pmol) was radiolabeled by reaction with 
T4 Polynucleotide Kinase using [y-'^PJATP. The labeled oligonucleo- 
tide F was isolated by ethanol precipitation and re-dissolved into 
3 0 ML HjO. The oligonucleotide (4.5 mL) was treated with 1.4 M BHE 
either at 4 5 'C for 4 hours or at room temperature for 12 hours in 
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a 20 UL eoiu^ion^f_2p_ T ri . -H Pl .pH . rcllowin, 
deprotection to re»ove th^ dnp group, naif of the reaction fixture 
was precipitated with ethanol while the other half of the „i«ure 
was subjected to aDcylation conditions with s-iaf. The 
corresponding un»odi£ied oligonucleotide E was treated identically 
to serve as a control. 

TO recover the deprotected oligonucleotides by ethanol 
precipitation, 0.36M MaOAc, pH 5.6 (loo . IK «gci,(i.2 mL) and 
nanopure water (10 mL) were added to the reaction mixture (lo mI.) 
to provide a final volume of 121 uL. Absolute ethanol (300 mL) was 
added and the mixture was cooled at -80- c. The oligonucleotides 
were pelleted by centrifuging at 14000 rpm for 20 mi„. 
supernatant was removed and the pellet was washed with cold 95, 
(v/v) ethanol. The mixture was chilled for 20 min. in a dry 
ice/ethanol bath and spun at 14000 rpm for 20 min. Following the 
removal of the supernatant fraction, the recovered oligonucleotides 
were dissolved into 20 ml of nanopure water. Mixtures of oligo- 
nucleotides (4.5 MI.), 100 mM DTT (0.5 mL) and buffer E (5 ^L) were 
prepared and analyzed by electrophoresis on a 25% polyacrylamide.7 
M urea gel (acrylamide/methylene bisacrylamide = 19/1, (Figure 3B) . 

AlKylation of the deprotected thiol moiety was accomplished by 
the addition of is of 20 mM Tris-HCl (pH 4.6) to 10 mL of the 
deprotection reaction <pH 8.2) . Following this addition, the p„ of 
«.e alKylation reaction was 7 (as judged by pH paper). one 
mxcroliter of lOmM S-IAF in dmf was added and the reaction mixture 
was maintained at room temperature overnight. The oligonucleotides 



-40- 



BNSO(X:iD: «WO__9803S32A1J_> 



PCt/US97/12888 

were recovered by ethanol Precipitation and re-di«olved^nto 20 ML 
nanopurc water. The alkylated oligonucleotides (4.5 mD were aixed 
With 100 n« DTT (o.S ML) and buffer E (5 mD and analy2ed by 
electrophoresis on a 25% polyacrylamide-7li urea gel 
5 (acrylamide/aethylene bisacrylanide - 19/I) (Figure 3B) . 

DHA synthesis via PCR using a DHP-.odifi.d oligonucleotide. 

PCR reactions were performed on a PerJcin Elmer Cetus Gene Amp 
PCR system 9600. The DMA fragment containing the bacteriophage 
lambda PR' promoter, 6S gene, and tR' terminator, with the lambda 

0 gut Site (Vang et al., 1987) was amplified from plasmid pHAlOO 
(Zhang Hanna, 1995) using either oligonucleotide E or F and the 
universal T7 primer (Stratagene) . ^The DNA product was purified by 
excision of the band from an agarose gel and extraction of the DNA 
using the commercially available GENECLEAN kit (BIO 101 inc.. La 

5 Jolla, CA). The PCR products were dissolved into equal volumes of 
buffer F and analyzed by electrophoresis on a 1.5% agarose gel. 
Detection of DNA was achieved by addition of ethidium bromide to 
the electrophoresis buffer. (Figure 4 A) . 

Xamunocetection of DNP-labeled DVA. 

> Dot blot experiments v.ere performed manually. The DNP-labeled 

PCR product and the corresponding unlabeled DNA fragment (1 pmole 
each) were in lOX SSC solution (I.5 M NaCl , 0.15 M Na,Citrate, 
PH7) . samples (13 mD were applied to a pre-wetted charged nylon 
membrane (Zeta Probe GT; Biorad) . The membranes were air dried, 
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10 



15 



rinsed briefly with 2X SSC and heated at 80-c under vacuum for 30 
Toin. The membranes were blocked by overnight incubation at 4-c in 
TBS-T (20 mM Trxs HCl, 500 mM NaCl, 0.4% (v/v, Tweeix 20, pH 7.6, 
containing 10% (w/v, dried milk. The membranes were then washed 
with TBS-T two times briefly, one time for 15 min., and two times 
for 5 min. The membranes were incubated with a 1:1500 dilution of 
anti-DNP antibodies for i hour, washed as described above and then 
incubated with a 1.10,000 dilution of horseradish peroxidase- linked 
whole anti-rabbit Ig for 1 hour. Membranes were then washed one 
time for 15 min. and 4 times for 5 min. with TBS-T. Detection of 
the antibodies was carried out using the ELC chemiluminescence 
method (Amersham) . The membranes were incubated with the detection 
agents for 1 min. before exposure to x-ray film for 2 min. (Figure 
43). 



RESni.TS 

The synthesis and characterization of a novel deoxyuridine 
phosphoramidite (Compound 7) containing a protected thiol group at 
the 5 position of' the mercaptopyrimidine ring is described (Figure 
1). This DHP-labeled analog was site-specifically incorporated 

20 internally into a series of oligonucleotides. Significant 
differences in overall synthetic yields were not observed between 
oligonucleotides made with normal deoxynucleoaide phosphoramidites 
and those which contained the analog, indicating that the modified 
phosphoramidite is a suitable reagent for automated oligonucleotide 

25 synthesis. Enzymatic digestion of the DNP-labeled oligonucleotide 
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Xaoaa.ic„ an. ch..,c.e.i„ti„„ o. pc« p.o.u«a i„cx.a.a 

(Figure 4 A and B) . 



syntbesls . 



15 



s,n..ea.. tna ae=xy„.xaina p.capWa.ial.e analo, ,c=^,^ 
7. wa. ca^iaa out .oX.owtn, ae^a„„ o. „a«lona o„tlin.a in 
F.^a co.po„„a3 ^va not bean previoualy deacribaa in 
lit.„tu.a. Tna „.«,od cnoaan for incorporation o. t.. «.ioi ^oup 
raouiraa tWocyanation or tna p^ri^idina rin,. xnitially. ^ 
raaction „aa per.or-ed on dao..uridi„. and tna raaction conditions 
utxlizad were ai^iiar to «,o.a previouai, dascri.«, ,,radlay , 

Althou,. x«.rature r.porta indicate .iaxda o. s« .or 
th.ocyanation of daoxyuridin.. thi. .aa di„icuit to achieve 
yieXd .or thia raaction variad conaiderabxy and waa at ti«. ,3 Xow 

iLti'.- d r'" - 

x-enti.„d by ™. and XK as S'-o-acatyX-.-tniocyanatodaoxyuridine 
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xnaxoarxng mat along with thiocyanation , acc-tylatlon of the sugar 
ring had occurred. 

TO circumvent the problems associated with the reaction 
described above, 3 ' , 5'-o-diacetyl-2 '-deoxyuridine (Compound 1) vae 
utilized as the starting material. Protection of the sugar 
hydroxyls by aoetylation prior to thiocyanation results in higher 
yields (95%) for the reaction (Nagaaachi et al. , 1974). However, 
removal of the acetyl protecting groups could not be accomplished 
using standard basic conditions required for deesterif ication 
without destruction of the thiocyanato group. Therefore, a 
synthetic approach was developed which required reduction of the 
thiocyanato compound to the mercapto analog prior to removal of the 
acetyl groups (Figure 1). Thiocyanation of the 3 ' , 5 ' -o-diacetyl- 
2 ' -deoxyuridine (1) was achieved following the literature procedure 
described above except that the crude material was extracted with 
petroleum ether to remove nonpolar impurities prior to column 
chromatographic purification. The pure product was obtained in 82% 
yield as a white solid. 

Reduction of the thiocyanato derivative 2 to the mercapto 
analog (Compound 3') was achieved by reaction with DTT in a solvent 
mixture of MeOH and 0.1 M EDTA (pH=7,8). This reaction is a 
variation of a reported procedure (Lin et al., 1988) for the 
reduction of 3 ' -azido-2 ' , 3 ' -dideoxy-5-thiocyanatouridine ; this 
mercapto analog however was not isolated, purification of Compound 
3 was achieved by acidification of the reaction mixture followed by 
concentration of the mixture. The residue was extracted with CHjClj 
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organic solvent: soluble. m orcier to «»ove residual dtt, t:,,e 

organic layer was reduced and taie resid»<> ♦-^4 4. ^ 

«x«o x^e residue trxturatod with water to 

crystallize tHe product as well as to i 

WBXA as to dissolve residual DTT. 

compound 3 was obtained as a white solid in 75% yield. 

The »echaniB» tor the reduction at the thiocyanato requires 
displacement of the cyano group by DTT. since no attempt was made 
t:o remove the cyanide ion before acidification of this reaction 
mixture, every step of the isolation of Compound 3 from 
acidification to trituration with H,o was performed in a fume hood 
This synthesis of compound 3 was designed for the preparation of 
both 5-alKyldithio and 5-alKylthio or S-arylthiopyrimidine analogs 
TO prevent degradation of the S-alkyldithio compounds by DTT 
purification of Compound 3 was necessary. rrhis is not the case 
with formation of S-allcylthio pyrimidines (Lin et al., 1988) and 
this purification step has been eliminated for Compound 4 resulting 
in a slight decz-eaee in yield. 

The DNP protecting group has been employed in oligonucleotide 
synthesis as a protecting group for 6 -mercaptopur ine and 6- 
thioguanine phosphoramidites (Xu et al., 1992a; Xu et al., 1992b) 
and as a functional moiety on a non-nucleoside phosphoramidite 
(Gr.yt>owski et al.. 1993). These studies Indicated the DNP group 
was stable during automated DNA chemical synthesis. Conversion of 
-ercaptan 3 into the 2,4-DNP analog 4 was achieved by reaction with 
2.4-dxnitrofluorobe„»ene in anhydrous CH^CN with Et3N present as a 
catalyst (Xu et al., 1992b) . The product was isolated as a yellow 
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reactxon of 5-»ercapl:opyri»ldine, (Kal^n » Bartos, is*,, 

*«=«..r .ethod Of preparing S-.rylthlol ethers of deoxyuridine 
hae been previously described. Ber„tr=„ « al. ha. prepared a 
series o. alXyX and aryl «rc.ptodeoxyurldi„. analog „si„, a 
pall.diu„-..diated reaction betvaen S-,=hioro:.ar=uri, -a 
daoxyurldine and the appropriate disulfide ,B.r,stro. et al 

. Aitb=u,n this „ethod Offers a si^ie route to arylthiol 
atner anaiogs it vas not selected for study. Development of a .or. 
versatile intermediate such as Compound 3 which can be easily 
converted into various types of analogs including disulfides wal 
desired for future studies. Additionally, the synthetic utility of 
the method has not been fully evaluated and therefore formation of 
the desired dlnitrophenyl analog (Compound 5, was uncertain 

Deesterification of nucleosides is commonly performed under 
basic conditions using KB, or Hao«e (Kini et al.. 19b9.. Trivedl . 
B«ns. literature reports suggest the DKP group is 

«rgi„ally stable to nucleophiles such as HaOMe, the stability of 
«.ls group being strongly dependant on the reaction conditions 
(Oreene. i„i, . successful removal of the acetyl groups was 
achieved by reaction of the diacetyl analog (compound 4, with NaOMe 
in «eOH Without an apparent loss or modification of the OKP group 
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afi judged by NMR and IR. Following the deacetyiation. the diol 
(Compound 5) was isolated as a yellow solid in 81% yield. An 
initial attempt to deacetylate Compound 4 under mild reductive 
methods was performed (Brown et al., 1982; Soai & Ookawa, 1986). 
However, reaction with LiBH^ in a mixture of Et^O and MeOH did not 
result in the formation of compound 5, possibly due to the poor 
solubility of the starting material. 

Incorporation of the DMT protecting group at the 5' position 
of nucleosides is typically accomplished by reaction with DMTCl in 
the presence of pyridine or dimethylpyridine (Chaudhary & 
Hernandez, 1979) . However, as utilization of these conditions with 
other 5-thiol modified nucleosides was not successful (unpublished 
results) , this reaction was not attempted for the synthesis of 
compound 6. Conversion to the 5 ' -dimethoxytrityl analog (Compound 
15 6) was achieved by reaction of Compound 5 with DMT*BF^- in the 
presence of DBHP in CHjCN at reflux. This reagent, DMT^BF"^, has 
only recently been utilized in the preparation of 5' protected 
nucleosides (Bleasdale et al., 1990; LaJcshman et al. , 1992). 

The proposed mechanism for dimethoxytrityl ation with DMTCl and 
0 pyridine requires formation of a dimethoxytrityl pyridinium salt 
Which then undergoes reaction with the 5' hydroxy 1 group (Chaudhary 
6 Hernandez, 1979) . Formation of the pyridinium salt is considered 
the limiting step. The reagent dmt'BF^ serves as a source for the 
dimethoxytrityl cation. By preforming the cation prior to 
.5 reaction, the slow step in the dimethoxytritylation has been 
eliminated and the ether should be more easily formed. Although 
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performed under reflux conditions, it is unclear why the reaction 
requires such stringent conditions but presumably steric hindrance 
plays some part. Modification of other bases has been reported to 
inhibit dimethoxytritylation possibly due to steric hindrance 
(Cosstick & Douglas, 1991). 

Silica gel column chromatography was employed to isolate 
compound 6. Due to the acidic nature of the silica gel, a small 
percentage of pyridine was added to the eluting solvent to prevent 
loss of the acid sensitive DMT group. Initially, Et,N was used in 
the solvent system; however triethylanmonium salts of Compound 6 
were isolated as determined by NMR. This was not observed during 
the synthesis of the standard 5 '-dimethoxytrityl-2 '-deoxyuridine. 
Switching to pyridine, a weaker base, in the eluting solvent system 
eliminated this problem. A satisfactory high resolution FAB mass 
spectra was obtained for Compound 6. 

The Compound 6 was isolated as a yellow solid in yields 
ranging from 35 to 48%, making formation of the dimethoxytrityl 
ether the lowest .yielding reaction in this synthetic sequence. 
However, approximately 20% of the starting material. Compound 5, 
was converted into the 3 5 '=bis( dimethoxytrityl) analog, which was 
isolated and converted back into 4 for recycling into the 
synthesis. 

The final reaction in the preparation of Compound 7 is the 
incorporation of the phosphoramidite moiety at the 3' position of 
the nucleoside. This is commonly accomplished by reaction of the 
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appropriately protected nucleos ide with 2rcyanoettiyl -m , N- 

diisopropyl chlorophosphoramidite in the presence of the M,N- 
diisopropylethylaaine (DIEPA) (Sinhaetal., 1984). Utilization of 
these conditions did not result in the desired product and starting 
5 material was re- isolated. However, a standard reaction with 5'- 
dimethoxytrityldeoxyuridine was successful. A second method for 
incorporation of the phosphoramidite moiety which utilizes the 
reagent 2-cyanoethyl-N,N,N, ^N'-tetraisopropylphosphorodiamidite in 
the presence of tetrazole in CHjCN was evaluated (Barone et al., 

10 198 4) . Unlike the basic reaction with DXEPA, these slightly acidic 
conditions provided the DNP-labeled phosphoramidite. Compound 7. 
RP HPI.C analysis of Compound 7 indicated the presence of a pair of 
closely eluting peaJcs (IX. O and 12.4 min) representative of the 
expected 1:1 mixture of diastercomers- The overall purity of the 

15 sample was determined to be greater than 96% and no starting 
material was observed in the chromatogram. HPLC data was 
quantified using a simple area percent method. Similar results 
were observed using silica gel TLC analysis 
( CH2CI2 : MeOH : EtjN ; 9 6 : 3 : 1 ) . The phosphorous NKR spectrum showed two 

20 characteristic peaks associated with the diastereomeric 
phosphoramidites (149.12 and 149.27 ppm) . An additional peak 
appeared in the NMR at 14.3 ppm- Based on the chemical shift of 
this peak, the impurity is presumed to be a hydrolysis product 
(Scremin et al . , 1994). No attempt was made to remove this 

25 material prior to oligonucleotide synthesis as it is not reactive 
in the oligonucleotide chemistry. A high resolution FAB mass 
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spectrum could not be obtained for Compound 7 due to its 
instability during analysis. This was not surprising as tbe 
standard deoxyuridine phosphoraaidite displayed a high degree of 
instability during high resolution FAB KS analysis; however, a 
S saall molecular ion peak was identified in the spectrua. 
Evaluation of compound 7 using low resolution mass spectroscopy 
showed a fragment (m/2=407) consistent with the loss of the DMT and 
the phosphoramidite moieties. As a similar fragmentation pattern 
was observed for the standard deoxyuridine phosphoramidite under 
10 these experimental conditions, the information supports the 
proposed structure. 

syntheses and purification of oligoauoleotidea- 

Internal incorporation of the phosphoramidite analog, compound 
7. into series of oligonucleotides has been accomplished using an 

IS automated DNA synthesizer. The natural oligonucleotides with 
corresponding sequences were prepared as standards. The sequences 
for the oligonucleotides which are listed in Table 1 were chosen 
for two reasons: the 7-mer was designed for characterization 
purposes while the 22-mer and the 2 4-mer were developed to study 

20 the DNA-protein interactions during transcription of the 
bacteriophage lambda 6S gene. The concentration of the 

phosphoramidite solution of Compound 7 was diluted twofold as 
compared to the normal phosphoramidites (dA. dG, T and dC) utilized 
in these DNA syntheses. This dilution was performed to conserve 

25 material. The coupling time for the reaction involving the 
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n od i f l ed p ho R phnr a T n ld ite waa-iu£5reas«d by- I20^-seconds-.-- Uitdex- these 
reaction conditions. the coupling yield for the modified 
phosphoramidite was >9€% which was comparable to the coupling 
yields of the other standard phosphoramiditee . The average 
stepwise yields for all six oligonucleotide syntheses were 
determined automatically by the ABI synthesizer using a trityl 
cation assay. These yields are listed in Table 1. 

selective removal of the exocyclic amine protecting groups in 
the presence of the DMP moiety was achieved by treatment with NH OH 
at room temperature for 44 hours. Typically, this deprotection is 
performed at elevated temperatures of 55 "C for 8 hours (ABI 
technical bulletin #13, 1987) . However, studies involving reaction 
of the ONP-Iabeled nucleoside 5 with cone NH«OH at 55 'C indicated 
the analog was not stable to these conditions but was stable at 
room temperature (data not shown) . As successful removal of 
standard exocyclic amine protecting groups at room temperature has 
been reported for other oligonucleotides containing modified 
phosphoramidites , these conditions were utilized (Sheardy & Seeman, 
1986). Although these initial studies were performed with the 
standard exocyclic amine protecting groups, phosphoramidites 
containing a wide variety of protecting groups which can be 
efficiently removed under mild conditions are now commercially 
available. These will be investigated for compatibility with 
phosphoramidite Compound 7. 

The crude oligonucleotides were purified as the DMT ethers by 
RP HPL.C. Removal of the DMT group under standard acidic conditions 
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did not arfcct the DHP moiety. Following removal of the DMT group, 
the oligonucleotides were analyzed for purity by both analytical 
HPLC and gel electrophoresis as shown in Figures 2A and 3A 
respectively. The oligonucleotides showed one major product i„ 
both analyses. The retention times of the DNP-iaheled 

Oligonucleotides were greater than the corresponding natural 
oligonucleotides in the HPLC analyses due to the lipophilic nature 
of the dinitrophenyl group. The RP HPLC retention times for the 
purified oligonucleotides are listed in Table 1. The overall 
yields of the pure material which were calculated by dividing the 
optical density of pure oligonucleotide by the optical density of 
crude DMT-labeled oligonucleotides times ioo% are found in Table 1 
(Kuimelis S. Nambiar, 1994). The yields for the corresponding 
normal and DNP-labeled oligonucleotides were comparable. 

Sasymatio digestion of the heptaaueleotide. 

To establish that the DMP group is stable to the conditions of 
automated DMA synthesis, deprotection, and purification, a DNP- 
labeled oligonucleotide was enzymatically digested into its 
corresponding nucleosides and evaluated by rp hplc. m order to 
Observe the single DNP-labeled nucleoside present in the enzymatic 
digest, the short chain oligonucleotide B was used for this 
analysis. ihe sequence chosen for this heptanucleotide did not 
contain deoxycytidine . Deoxycytidine co-elutes with 5-mercapto- 
deoxyuridine, a potential side product arising from the loss of the 
OHP group, in the gradient system utilized in the analysis. 
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__PeoxycYt:idine_was_t:heref ore omittcci from the sequence to eliminate 
uncertainty in identifying the nucleosicle peaks. 

5-Mercaptodeoxyuridine was synthetically prepared in this lab by 
reduction of 5-thiocyanatodeoxyuridine (Nagamachi et ai . , 1974 ) . 

Initial degradation of the oligonucleotide B and the 
corresponding normal oligonucleotide A was attempted by concurrent 
digestion with snake venom phosphodiesterase (SVP) and cip 
(Kuimelis & Nambiar, 1994). This method proved useful in the 
digestion of the natural oligonucleotide but did not appear to 
fully degrade the DNP-labeled material. This is consistent with 
other studies in which SVP has failed to function with some 
modified oligonucleotides and nucleotides (Gao et al., 1992; Hanna 
et al, 1989: Hanna et al., 1993). substitution of the exonuclease 
SVP with an endonuclease Nuclease Pi resulted in complete 
IS digestion. Due to a difference in the pH requirements of these 
enzymes for activity, this digestion was accomplished in two 
consecutive enzymatic reactions. First, Nuclease Pi cleaved the 
phosphodiester bonds to provide the 5 ' -monophosphates which were 
then subjected to treatment with CIP. The resulting nucleosides 
were isolated and analysed by RP HPLC. The results are shown in 
Figure 2B. 

This enzymatic degradation provided the correct ratios of 
unmodified and modified nucleotides. For oligonucleotide A, the 
ratio of dA, dG and T was 1.9:2.1:2.9. For oligonucleotide B, the 
nucleoside 5 is also expected in the reaction mixture providing a 
ratio of dA, dG, T and 5 of 1.9:2.1:1.9:1.1. Chemically 
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compound . the s«.. .et„ti„ t^,. ^ ^ 

.nalysi.. m addition, th.„ compound, provided id„ti=al ov 
spectra with absorption peaks appearing at 262 .„d 3,4 „. 
Finally, no unidentifiable peaKs were observed in the hpi,^ 
=hro™.to,rans of the enzyeatic digests ^ only one pealc 
representing nucleoside co^ound = appeared in the hpi,c 
chro»ato,ra. nonitored at 330 n». l„ this analysis, absorption at 
330 „. i. associated with the presence of either the dinitro- 
Phenylthiol ether or the 5-ercaptopyri«idine .oiety. if the zm- 
labeled analog had undergone modification during automated DKA 
synthesis, deprotection , or purification, extraneous peaics were 
predicted to appear in this chronatograa. 

".protection and all^l.tlon of a r>HP-.,difi.d oligonucleotide. 

«..noval of the DKP „oiety was accomplished by reaction of 
cligonuoleotide F with 1.4 „ bme in Tris buffer p« s (Shaltiel 
19«7, . The reaction was performed under two different re.ction 
conditions: room temperature for 12 hours and ,s-c for 4 hours 
Oligonucleotide E was reacted under the seme conditions to serve a. 
a standard. Ho attempt was made to isolate the deprotected 
Oligonucleotide prior to -odifioation with s-lAr. The pKa of ™t 
IS 9.6 While the PKa of S-mercaptodeoxyuridine is 5.0 (Bardos * 
K.l».n. „66,. Modification of a thiol by reaction with 
haloacetamido co=pou™,s such as 5-iaf requires formation of the 
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thlolate anion. By lowering the -pH of-^e react:ix,n-»ix^^ 
selectivity for modification of the oligonucleotide is enhanced 
over that of bme, a potential side reaction. The oligonucleotide 
products in both the deprotection and modification reactions were 
5 isolated by ethanol precipitation and analyzed by electrophoresis 
using a 25% polyacryla«ide-7 H urea gel . The results are shown in 
Figure 3B. Lanes 1 through 4 represent reactions utilizing 
oligonucleotide E. No difference is observed in these four lanes 
indicating the natural oligonucleotide structure is stable to the 
10 conditions needed for deprotection and alkylation of the thiol. 

Lanes 5 and 7 represent reactions of oligonucleotide F with BME at 
room temperature and 45-C respectively, while lanes 6 and 8 depict 
the corresponding alkylation reactions which were carried out at 
room temperature. No apparent mobility shift is observed between 
the natural oligonucleotide (lanes 1-4) and lanes 5 and 7, which is 
consistent with our observations that a 20-mer RNA containing 5-SH- 
UTP co-migrates in this gel system with 20-ner containing no analog 
(He et al., 1995). in contrast, a substantial dirference is 
observed following modification with fluorescein, consistent with 
other reports of gel mobility shifts of f luorescein-labeled 
oligonucleotides (Clegg et al., 1992; Mergny et al. . 1994). i„ 
fact, the selection of 5-iAF for the alkylation experiments instead 
of a thiol -modifying photocross linking reagent such as p- 
azidophenacyl bromide (APB) was due in part to the ease in which 
the reaction results could be monitored by gel electrophoresis. 
The conditions for alkylation of the oligonucleotide with 5-iaf 
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howeveMhoui€-provfr-use*ua^wittr othw hsi^Tacatyl derivative such 
as APB. We have Bpecifically labeled the thiol group in an rma 
molecule containing S-SH-OMP (He et al. , 1995) with APB. We have 
also attached APB to a DNA molecule generated by PCR with a 
5 oligonucleotide containing (compound 7), after fiME removal of the 
DNP group (not shown) . 

As the mobility shift associated with the DNP ladjel is small 
(Figure 3 A) , it is possible that a mixture of DNP-labeled and 5- 
mercapto-labeled oligonucleotides may appear as one band on a 25% 
10 polyacrylamide-7 M urea gel. Therefore, one can not determine the 
extend to which deprotection has occurred. However, the appearance 
of a new band in lanes 6 and a (Figure 3B) with the subsequent 
disappearance of the band seen in lanes 5 and 7 indicates that the 
oligonucleotide underwent deprotection and alkylation. Although 
deprotection does occur with time at room temperature, the reduced 
time required to deprotect at 45 -C nalces this the preferred method. 



15 



PCR reaction using a DHP-modified eligonuoleotide. 

The DNP-labeled oligonucleotide was incorporated into double 
stranded DNA using PCR. Plasmid pHAlOO served as the template for 
20 this reaction. A 492 base pair segment of this plasmid was 
amplified using the universal T7 primer and either oligonucleotide 
E or F. The products isolated from the reaction were analyzed on 
a 10% polyacrylamide-7 M urea gel (data not shown) and a 1.5% 
agarose gel (Figure 4A) . Differences in mobility were not observed 
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_be^n^ttae sl:anda^d pgjproduc^d the DNP-lat,eled PCR product: in 
these gel analyses and no difference in yield was observed. 

ismunodefction of DHP-iabeled oligonucleotides aad Dim. 

TO insure ths stability of the DNP protecting group during the 
PCR reaction, the products described above were subjected to 
iMuunodetection studies using rabbit polyclonal anti-DHP 
antibodies. Tire natural PCR product served as a negative control. 
The DNP group was detected using a ch«nilu»inescence method and 
only the DNP-labeled nucleic acid provided a signal (Figure 4B) . 

pxample Analysis of Pr-nm^ n^psA Tr^f^^.r^i-^ 

Utilizi ng 5-s-nwp-/<rT 
Photochemical crosslin)cing is a powerful technique for 
Characterization of both RNA-protein and DNA-protein interactions 
in nucleoprotein complexes. Photochemical crosslinking -traps- 
weak or transient associations which might not survive isolation 
procedures such as immunoprecipitation. gel filtration, or filter 
binding. There are a number of approaches which can be taken in 
Photochemical crosslinking. One involves direct irradiation of a 
nucleoprotein complex with short wavelength ultraviolet light. 
This method relies upon the direct excitation of nucleotides or 
amino acids to generate chemically reactive species. such 
nonspecific labeling can reveal whether a protein-nucleic acid 
interaction exists, but there are several problems associated with 
this approach. These include low crosslinking yields. the 
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inability to incozpora'te a crossllnking group at a specific site in 
the nucleic acid, and degradation of some proteins during 
irradiation. A second approach involves the use of nucleotide 
analogs modified with photoreactive croeslinlcing groups (reviewed 
5 in K. Hanna, 1989, Methods in Enzvwoloav^ , These groups are 
chemically inert in the absence of light but are converted to 
chemically reactive species upon irradiation. Often this can be 
achieved with long wavelength ultraviolet or visible light, 
resulting in less nicking of protein or nucleic acid. Molecular 
10 contacts can be identified at the level of specific nucleotides in 
nucleic acids and ajnino acids in proteins. One can therefore gain 
structural information about macromolecular complexes which cannot 
be obtained by most other biochemical approaches. 

For such mechanistic studies a variety of nucleotide analogs 
15 have been developed and utilised (K. Hanna 1989, Methods in 
Enzvmolocrv ; Bradley and Hanna, 1992) . These analogs are either 
tagged with a photoreactive crossllnking group or contain 
functional groups that can be tagged with cross linkers after 
incorporation into DNA or RNA. These analogs can be incorporated 
20 into nucleic acids, either enzymatically or chemically, to analyze 
molecular interactions in protein-nucleic acid complexes. Upon 
photoactivation, analog-tagged nuecleic acids become covalently 
attached to adjacent macromolecules (protein, DNA, RNA) with which 
they have direct interactions. Therefore, nucleic acid binding 
2 5 domains in complexes can be characterized, nucleic acid binding 
proteins in extracts can be identified, and determinants involved 
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in J?hese_ sEeci£ip_ inteEaclL^^ ^^^^ 
individual nucleotides and amino acids. This methodology allows 
mechanistic questions about the way that specific protein-DNA or 
protein-RMA interactions regulate gene expression to be asked. 
Herein described are the approaches used to characterize the 
protein-DNA interactions in the E. coli transcription complex which 
forms on the bacteriophage lambda p^, promoter. 

Preparation of site-Bpecif ically Modified dha Oligonucleotides 

The method described here is used to probe for interactions 
between a specific nucleotide in DNA and a DNA-binding protein, in 
this case, interactions between a specific nucleotide on the non- 
template strand of the P^, promoter are sought. The chemical 
approach to preparation of site-specifically modified DNA involves 
incorporation of a modified nucleotide during the automated 
15 synthesis of an oligonucleotide. Because the conditions used in 
automated oligonucleotide synthesis are rather harsh, the direct 
incorporation of a photocrossl inking azide group by this method is 
not possible, and. a means for the post- synthetic incorporation of 
the azide group is required. 5-S-DNP-dU was incorporated into a 
20 DNA oligonucleotide, as described herein. For analysis of protein 
interactions with the -12 position in the nontemplate strand of the 
Pg. promoter, an oligonucleotide with the sequence 5'-5D-DNP-dU-AA 
ATT TGA CTC AAC GAT GGG was synthesized on an Applied Biosystems 
392 DNA synthesizer using the standard ^-cyanoethyl -protected 
25 phosphoramidite method by attaching the analog to the fifth 
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_ sxxbBt:rat:e po rt .__ACju>,^yntbe 3i .s. re moval og tihe oligonucleotide 
from the colimn. and removal of the exocyclic amine protecting 
groups, the oligonucleotide was ethanol precipitated, dissolved in 
water and stored at -20* C. 

Aaalyais of S-a-OHP-dD Effects oa aytoridisatioa Properties of oSHs 

To evaluate the effect of incorporation of one or more 5-SDNP- 
dU analogs into ollgodeoxynucleotides (ODNs) on their hybridization 
properties, the ODNs shown in Table 2 were synthesized. The 
observed melting temperatures (TJ showed that incorporation of one 
DHP analog decreased the melting temperature by only i.e'C (hybrid 
V), compared to the normal DNA hybrid (I), and substitution with 
two DNP analogs caused a decrease of only 4.4 -C (hybrid VI), 
Therefore, the effect of a single substitution is less than that 
caused by a single mismatch involving unmodified nucleotides 
(hybrids II, III and IV vs l) , and the effect of two modified 
analogs is still less than that of a single T-C mismatch (hybrid 
IV) . Mismatches of 2 or more are commonly used for site-directed 
mutagenesis, which involves hybridisation of the oligonucleotides 
to single-stranded DMA. Substitution with the DNP analog should 
therefore work as well, if not better. The use of ODNs containing 
one or more 5-SDNP-dU analog in assays requiring specific 
hybridization to a complementary strand is therefore quite 
feasible. 

By comparison, oligodeoxynucleotides (30-mers) containing a 
previously described nucleobase fluorescent derivative, 5-Amido- 
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( Carboxy fluorescein) -2 '-deoxyuridlne, caused decreases in melting 
temperature of 2*C for ODNs with one nucleobase substitution, 6'C 
for ODNs with two nucleobase substitutions, and 12 'C for ODMs 
containing three nucleobase substitutions (Jadhav et al. 1997) , a 
5 more serious effect on the hybridization properties was observed 
for another previously described analog, 2-thiodeoxyuracil. 
Placement of even a single 2-thiodeo3cyuracil analog into 
oligodeoxynucleotides (14-mers) caused a decrease in T„ of 3-4 'C 
(Kuimelis and Hambiar, 1994). 
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T2C CCJl ATT 
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Th. an.lo,-„odi«.a Oligonucleotide (loo p„ol) „.» 
ra«ol»^lea With polynucleotide .cinase usin, rr»PJ «P ,ri^. 
5. Step 1, , isolated by ethanol precipitation and re-dissolved in 
water. The presence ot the s-s-DKP ,roup on the 5' ter^nai 
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_nug-leafci.cie. d i d not- inferf e ra with r eeegna^aoir and -aodlf icat ion of 
the 5' OH group by kinase. Tlie oligonucleotide was then 
incorporated into double-stranded DKA by cither PCR (not shown) or 
by primer-extension. For primer-extension using a single-stranded 
phageaid DNA template, the oligonucleotide (20 pmoles) was annealed 
to the template (l pmol) by heating the mixture to 75 "C, cooling to 
65 'C and then placing the mixture on ice (Step 2). The 
oligonucleotide was then extended with a thermostable DNA 
polymerase (AapliTaq, Perkin-Elmer) by incubating for 5 minutes at 
room temperature and then two hours at 70-C. The template was 
ligated with T4 DNA ligase for 1 hour at 37 'c, and then ligated DKA 
was isolated by ethanol precipitation (Step 3) , Before addition of 
a crosBl inking group, the DNA protecting group must be removed 
(Step 4) . This was accomplished by treatment of the 

oligonucleotide (4.5 ^1.) with 1.4 M ^-mercaptoethanol either at 
45* C for 4 hours or at room temperature for 12 hours in 20 20 mM 
Tris-HCl, pH 8.2. The deprotected DNA was purified to remove the 
^-mercaptoethanol by ethanol precipitation, and the DNA was 
dissolved in 20 Mi water. A photocrosel inking group was added to 
the DMA by reaction with the alkylating agent azidophenacyl 
bromide, and the DNA was again purified for transcription and 
crossl inking (Step 5) . 

Photeereaslinklng 

For UV crosslinking, the reactions are split in half; a 
control aliquot is kept in the dark at room temperature while the 
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Other aliquot- is-i-i^^iate* a^ tor 2 minutes i„ a 

polystyrene tube 1.5 cm fro» a 302 ma light source (Spectroline 
model XX-15B, 1800 MW/cm^ at 15 cm), Arter irradiation, DTT (to 60 
IBM) is added to all samples, and they are left in the dark for at 
least 5 minutes. After irradiation, but before protein gel 
electrophoresis, aliquots from the irradiated chase reactions are 
treated with nuclease to digest the DNA to a small radioactive 
fragment (Step 6) . The nuclease treatment results in digestion of 
the DNA to small radioactive fragments. This leaves a small 
radioactive piece of DNA on proteins which have been crosslinked to 
the DNA during irradiation. The control and irradiated samples are 
then analyzed by gel electrophoresis and autoradiography. 

Electrophorotic Analysis of CrosslinJced Proteiae 

For identification of crosslinked proteins, samples are mixed 
with an equal volume of 60 mM TrisCl (pH 8.0), 60 mM DTT, 3.4% 
(w/v) SDS, 17% (v/v) glycerol, 0.02% (w/v) bromophenol blue, 0.02% 
(w/v) xylene cyanol, heated for 3 minutes at 94 'C, and then 
analyzed on 12 cm x 0.75 cm 10% SDS/polyacrylamide gels with a 4* 
stacking gel (acrylamide/methylene bisacrylamide - 27/1) . Proteins 
are electrophoretically blotted onto MSI NitroBind Nitrocellulose 
membrane (Westboro, MA) in 25 mn Tris, 192 mM glycine, 20% (v/v) 
methanol (Figure 6A) . The membrane is then silver-stained in 2% 
(W/V) sodium citrate, 0.8% (w/v) ferrous sulfate, 0.1% (w/v) silver 
nitrate for 5 minutes and dried. Autoradiography of the membranes 
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is at -eo'C with Amersnam Hyper fllm-MP and a Cronex Lightning Plus 
intensifying screen* 

5-S-DNP-dU can be used for site-specific modification of DMA 
at internal and terminal positions with DNA, and molecular probes 
5 can be placed at variable distances from the DNA backbone. in 
addition, the commercial availability of antibodies to the DNF 
group allows the direct use of the DNP-labeled oligonucleotides as 
immunodetection probes .^^ 

Example 4: Utilitv: Assays for Diagno sis of Bladder Canee-r 
.0 Bladder Cancer strikes over 50^000 Americans every year, 

killing nore than ll,000 <23) . Currently used means to diagnose 
bladder cancer usually rely on immunocytochemistry , nuclear DNA 
content and cytology. Extensive use of highly trained labor that 
these tests consxune make theia fairly expensive to administer. In 
15 addition, while being fairly specific for the diagnosis of bladder 
cancer, these tests lack sensitivity. Furthermore, they are poor 
prognosticators of cancer progression. Tests or biopsies with 
better sensitivity and prognostic value are invasive, even more 
expensive and poorly tolerated by patients. These facts result in 
20 many patients being under-diagnosed or under-treated for their 
illnesses . 

An ideal test would be sensitive, specific and prognostic for 
bladder cancer, less invasive, require fewer highly skilled 
scientists to administer, better tolerated by patients and less 
25 costly. such an assay would be expected to decrease mortality and 
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morbidity due to this disuse. Such a test would also he expected 
to represent a sigx^iticant co»»e«ial possibility since it vould 
not only replace laany or the existing tests in the »aricetplace hut 
would enable an increase in the number of teats perfonned. 

one Of the methods currently used fcr detection of n«KA levels 
in a cell utilizes an RNase protect^ion assay (Hershey and Xrause, 
1989) Which is commercially available. i„ an RNase protection 
assay, a labeled RNa probe of discrete lengt:h is constructed that 
includes two domains (Figure 6) . One domain compliments, and 
therefore hybridizes to. an mRNA species whose abundance one wishes 
to detect and quantify. This domain fo«.s a double stranded RNA 
molecule with the intended mRNA target. The other domain is made 
up Of sequence that does not hybridize to the intended target. m 
an RNase protection assay, total cell rma (or total cellular mRNA) 
is incubated with an excess of an RNA probe under conditions that 
favor specific hybridization of the probe with the »RNA species to 
be detected and quantified. After the hybridization step, the RNA 
is digested with a mixture of RNases. All single stranded RNA is 
hydrolyzed down to nucleotides or short oligonucleotides. only 
double stranded RNA is protected from this digestion. All of the 
unhybridized probe is degraded. This includes the domains of the 
hybridizing probes that do not complement their targets. 

The digested RNAs are separated according to size by gel 
electrophoresis and then visualized by autoradiography, a positive 
signal is a labeled RNA molecule that is the correct length to be 
that portion of the probe that had hybridized to the intended 
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"target: This sHSrtened fora "of'^fte~o^^ not be 

created by other neans. This is why false positives are not a 
technical concern. Also, with an excess of probe and under the 
appropriate hybridization conditions, nearly all of the intended 
5 target is hybridized to the nucleic acid probe (NAP) . This makes 
the intensity of the signal proportional to the original 
concentration of the target loRNA species* 

The advantages of an RNase protection assay are that it is 
quantitative, reproducible and completely free of false positives 

-0 derived from technical difficulties. This last feature makes such 
an assay format appealing as a technological platform for 
diagnostic determinations of patient derived materials. The 
disadvantages of an RNase protection assay are that the probes are 
very tedious to make. They possess very short half lives because 

15 of the radioactive isotopes (^^P) used to produce the signal. In 
addition, RMA is inherently less stable than DNA, and some RNases 
can be extremely difficult to inactivate. 

The disadvantages of RNase protection are overcome by the 
envisioned NAP Nuclease Protection Assays (NAP-protection assays) 

?0 employing the derivatizable nucleotide analogs herein. The NAPs 
can be synthesized in large quantities, carefully evaluated 
(quality control assays) , and then stored for future use. There is 
an economy of scale that this affords which overcomes the 
difficulty of probe construction and synthesis. These NAPs will 

25 utilize non-isotopic means of detection, permitting the NAPs to 
have extended shelf lives. Additionally, the NAPs for different 
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tar^et^-mRNAs can-^e-Hia©*if ie^"Vitfr d^^^ groups. This 

will permit the examination of the expression of several genes 
simultaneously. This assay can be modified to accept automation to 
reduce run times. 

5 Use of oligonucleotides or NAP probes which contain modified 

nucleotide analogs has been previously reported (21-23, 26*29). 
The chemical approach to preparation of site-specifically modified 
DNA involves incorporation of a modified nucleotide during the 
automated synthesis of an oligonucleotide. The modifisd 

0 oligonucleotide can then be incorporated into double- stranded DNA 
by PGR amplification or primer extension of a single-stranded DNA. 
The use of various modified phosphoraroidites as masked synthons for 
preparing derivatlzed oligonucleotides at both terminal and 
internal sites has been reported (Xu, Zheng and Swann, 1992; 
15 Maurizi and Ginsburg, 1986) - These masked synthons allow 
incorporation of protected functional groups such as uines 
(Nagamachl, et al. 1974), carboxylic acids, thiols (Goodwin and 
Glick, 1993) and thiocarbonyls . once incorporated the analogs are 
deprotected and modified post-synthetically. Convertible 
20 nucleoside phosphoramidites , mononomers containing leaving groups, 
have also been used to incorporate crosslinking and 
photocrossl inking groups by post-synthetic substitution or the 
leaving group. Several companies sell reagents for the addition of 
molecular tags to either of the two ends of a nucleic acid (5' or 
25 3'). Some provide reagents which allow the incorporation of more 
than one analog at internal positions in the NAP, to allow an 
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increase in the amoxint of signal produced by the MAP, there is a 
resultant perturbation of nucleic acid structure or decrease in 
hybridization function (interaction with nRNA) of the NAP. Since 
the assay is based on specific NAP hybridization, with the current 
methods available, increasing the signal in a NAP aust be balanced 
against the loss of hybridization capacity. However, the goal is 
always to obtain the strongest signal possible, because this not 
only decreases data acquisition time, but increases the level of 
sensitivity of a given assay. This is clearly an important 
methodology, for which a commercial market already exists. 

Preferred versions of the nucleotide analogs contemplated 
herein have the following characteristics which make them 
preferable to other currently available nucleotide analogs for this 
assay: 

1. The nucleotide modification is on a position of the base 
which is not required for normal RNA and DNA basepairing, 
therefore specific hybridization is still possible. 

2. The reactive group added to the nucleotide is not 
normally found in DNA or mRNA (S group) , therefore 
reaction of the probe modified oligonucleotides or NAPs 
with thiol-reactive alkylating agents gives virtually 
thiol-specif ic modification of the NAP. Analogs with 
reactive amino groups, which are modified by alkylating 
agents targeting amines, are less specifically modified. 
This is due to the presence of exocyclic amine groups in 
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10 



the normal nucleotides of "both DNA and HNA/ and these can 
be modified by the alJcylating reagents as well. 

3. The reactivity of the aryl thiol group on 5-SH-UTP to 
alkylating agents is considerably higher than that of 
alkyl thio ether derivatives (pK^=5.5 vs 8,), 

4. The linker attached to the nucleotide base contains all 
single-bonds (vs alkyl or alkynyl) , thereby allowing free 
rotation of the probe in the region close to the nucleic 
acid backbone. This is advantageous because the 
flexibility of the linker are allows the nucleotide 
analogs to adopt to different enzyme active sites (in DNA 
and RNA polymerases), making them generally good 
substrates for enzymatic incorporation into nucleic 
acids . 

5. AS assessed by several functional assays, analogs 
modified through the aryl thio group of 5-s-U derivatives 
do not disturb normal rha secondary or tertiary 
structures. 

unlike other types of cancer, the primary tumor in bladder 
20 cancer sheds or exfoliates relatively large numbers of cells into 
the lumen of the bladder. These cells can be easily collected in 
urine or from bladder washes, in a void urine from a patient with 
a bladder tumor, there will be very few to about a million cancer 
cells. Bladder washes yield more cells than void urines. 
25 currently, the company UroCor, Inc. and other firms provide 
services to diagnose disease. Bladder cancer cells collected in 
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urine are examined tor morphology, DNA conl^ent: and for protein 
biomarkers as detected immunochemically • While these tests are not 
as informative as desired , it is clear that cancer cells can be 
collected from patient urines and that these cells are relatively 
intact with respect to morphology , nucleic acid and protein 
content, and expression. lUIA has not been directly examined in 
these cells, but it is reasonable to expect that the RNA content of 
these cells will also be intact relative to the needs of the 
envisioned NAP-protection assay. 

A NAP-protection assay can be designed to determine the 
relative abundance of mRNAs for four surrogate biomarkers of 
bladder cancer and/ or its progression relative to the abundance of 
a mRNA encoding a "house keeping" gene that is not differentially 
regulated. Changes in the abundance of the surrogate biomarkers 
relative to the undif f erentially expressed gene will be informative 
in both diagnosing and evaluating the state of a patient's bladder 
cancer. Xn one embodiment, the final assay uses five probes, each 
specific for a different gene. One of the probes will hybridize to 
an appropriate ••house keeping" gene. The hybridization signal from 
this probe will act as one of the positive controls in the assay. 
Of the remaining four mlWA species, targets will be selected such 
that in cancerous cells two of the mRKAs are increased in abundance 
and two are decreased relative to nontransf ormed cells. In this 
format, each regulatory pathway acts as an internal control for the 
other. 
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'^^^ ^^^^^''^^^ carried out to probe for mRKA 

levels of the human autocrine motility factor receptor, which is 
differentially expressed in bladder cancer cells. The DNA sequence 
for this gene is shown in Figure 7. 

5 Ritoonudease NAP Protection Assay 

one ribonuclease assay is based upon the currently utilized 
radioisotopic miase protection assay, described above. However, 
the radioactively labeled nucleotide substrates are replaced by si 
S-R-XTP nucleotides, where X is U, dO, c, or dC and R is one of 

.0 several different reporter groups . The NAPs for the assay are 
ssRNA, which are synthesized enzymatically utilizing a bacterial or 
phage RNA polymerase. 

m this assay, RNA NAPs can be prepared in which the rna is 
labeled with many fluorescent, colormetric. chemi luminescent, or 

L5 antigenic reporter groups. one such antigenic reporter group is 
the dinitrophenyl group (DMP) , and the analog for these experiments 
is proposed below. The assay is the same as the current method 
previously described, but the protected RNA products are detected 
by either monitoring fluorescent emission, probing with antibodies, 

20 or monitoring chemiluminescence . m this assay, final detection 
still requires the analysis of the NAP protection assay by gel 
electrophoretic separation of the products. However, the probes 
can be synthesized in large quantities and stored, so this assay 
still has a major advantage over the existing methodologies. 
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Deoxyribonuclease NAP Pro^ectiion Assay 

An alternative nuclease protection assay can utilize DNA NAPs, 
similarly modified with multiple reporter groups. One compelling 
reason to consider DNA NAPs is that they are both chemically and 
biologically more stable than the comparable RNA NAPs. This makes 
them better prospects for synthesis in large quantities and for 
long storage. Despite this inherent stability relative to rna, 
ssDMA can be easily degraded by single-strand specific DMases, in 
the manner as utilized for ssRNA digestion. In addition, with DMA 
KAPs. one can synthesize large quantities of the DMA probe by 
utilizing the DNA amplification method. PCR (polymerase chain 
reaction) . 

1) DMA NAPS Prepared with Analog-Tagged Oligonucleotide 
Primers 

Already developed for use in such a DNA NAP-protection assay 
is the analog 5-DNP-dU phosphoramidite . This analog can be 
incorporated chemically into ssDNA oligonucleotides utilizing 
automated synthesis. Therefore oligonucleotide primers for the PCR 
reaction can be made which contain multiple analogs, with nearly 
every -T" in the oligonucleotide synthesis and isolation, and we 
have shown that it is also retained during the thermal cycling 
reaction of VCR. Therefore, one can prepare DNA NAPs which contain 
several reactive thiol groups in the 5 ' region of the NAP, and 
these can then be deprotected and modified with a variety of 
alkylating agents. One can therefore prepare probes for several 
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different mRNA targets, each with a diffeirent reporter group, and 
differentially (quantify the levels of each in one reaction. This 
aspect of the method becosies important for the progression of the 
assay to automation. 

2) DNA KAPs Prepared with Analog**Tagged Deoxynucleoside 
Triphosphates 

DHA NAPs can be synthesized by incorporating several (e.g., 
five to ten) 5-S-DNP-dUs into the 5' -tagged oligonucleotide, and 
then synthesizing full length DNA NAP by PCR with unmodified dNTPs, 
e.g,, 5-S-DNP-dUTP. 

Automation of NAP Protection Assays 

Automation of either the RNA NAP Protection Assay or the DNA 
NAP Protection Assay requires that the electrophoresis step be 
eliminated. The separation of the individual protected mRNA 
species by electrophoresis is one of the more time*cons\xming steps 
of the current assay ^ and makes this method intractable to 
automation. In order to eliminate this step, one must devise a 
method for the detection and relative quantitation of more than one 
mRNA species in a single reaction. Currently, the best approach 
for this involves the use of a variety of fluorescent tags, each 
with different excitation and emission properties. An increasing 
number of alkylating reagents tagged with fluorescent groups such 
as fluorescein or rhodamine, to name only two of many, are now 
commercially available. Companies are designing fluorescent 
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defectors vtilch can differentiate among the different signals 
produced by these fluorescent dyes. This approacli is aodeled upon 
the automated assays currently used for nonisotopic DNA sequencing. 
The final choice of fluorescent dye combinations used for these 
5 assays are determined empirically during the course of the first 
year of this grant. Alternatively, one can label different KAPs 
with different antigenic groups, so that RNAs could be 
distinguished with antibodies, a method already utilized in many 
automated assays « 

10 £>eoxyribonuclease NAP Protection Assay 

For the DNA NAP assay, one can incorporate commonly used 
methods for the immobilization of DNA onto resins or microtitcr 
plates. If, for example, a 96-well microtiter plate were coated 
with streptavidin, then DNA tagged at the 5' end with biotin could 

15 be efficiently immobilized. In this way, the DNA NAP and any IWA 
to which it hybridizes, could be immobilized on a solid matrix, 
while other cos^onents of the hybridization mixture could be washed 
away. 

The following approach can be followed for establishment of an 
20 automated DNase NAP Protection Assay. 

1} DNA oligonucleotides can be synthesized which are tagged 
at the 5 ' end with one of many groups that would allow 
immobilization of the DNA to a solid matrix (for example 
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HAPS «„ „uxtiply-l.i,.i«, by "~-in)- Th. «,» 

.) incorporatin, „veral (S-«, 5-s.DHP-«,s 1„« 

length dna nap by PCR wit-h ^ -e. 

with unmodified dNTPs 

body =f th. OK* p„„„,^ p,^„,^ ^ ^^^^ 
DMP-dDTP as a substrate. 

^) .«,-xabsl.a. mtemazly raportar-labaled „„s 

=.n be deprotected and nodWied „ith one or the repo« 
Chosen in the studies described above. 

= , Reaction .inures can be prepared containing .„i,ip,. 
«HA targets and one or „ore reporter-ta„.d ».Ps. 

^ «Xbridisatio„. reactions fixtures can be treeted 

w.«. nuci specific .or si„,.e-stra„ded nucleic acids JZH 

SI or Mung Bean Nucleases » v *® 

Nuclease., , to produce the protected species. 

5) Reactions „ixtures can be added to »icrot iter plates 
coated With Streptavidin (for 5'-bioti« i k , 

biotin labeled DNA) or other 
aaterxals which are specific f»«^ u- ^. 

^ . specific for binding the groups conmonly used 

to tag DNA probes, since the 5' end i-k r. 

th« w.o ^= protected during 

the NAP-protection assay fsee Pi« 

y fsee Fig. i) , ^nd NAP which does not 
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fiyBridXie are degrade^^^ by nuclease, tlxe, only material which 
should bind to the solid matrix is the DNA-mRNA hybrid, 

6) Microti ter plates can be washed to remove unincorporated 
nucleotides, thereby removing essentially all background signal* 

S 7) Plates can be analyzed with a fluorescent microtiter 

plate reader to quantify the relative amounts of mWiAs produced for 
different NAPs. 
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Changes- may^ -be- made in the- compounds -aescribed herein or in 

the steps or the sequence of steps of the methods of synthesis or 
use of the compounds described herein without departing from the 
spirit and scope of the invention as defined in the following 



5 claims . 
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What is claimed is: 

1- A n»=x.otlde «alo9 of rh. 




10 



IS 



20 



wherein 

Ri is -H, -OH, a nono rt« 

-OS., °" "tphoapta^. ^o„p, „ 

is -H, -OH, a mono d^ « ^ . 

mono, dl, or trlphoaphate grouo « 
Phosphorajaidlte grouD . k 

9roup, a phOBphonate group an r. ^''^^^ 

nonophoephate group -or srituted 

via an n *' ' ^"^^'^ ""^P"'* bonded 

vxa an O at: t^xe 3' position; 

«3 is -H, -OH, a mono, di, or tr-d^s u 

.OR^. ' ai. or triphosphate group, or 

^4 is a lower alJcvi , 

axjcyl or a protecting group; and 

zir^^ „ , ^^^^ 

that is not involved in Watao^ ,^ • . 

in watson-Crxck base omir-i^ 
.... ,,3^,, w„_c. 

P^-„„ ,„._^^ ^^^^ 
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2-.- Ther-mictBottde analog of clala i whareln said base is 
saiected frnn t:he group consisting of cytoaine and uracil. 

3. The nucleotide analog of Claiai i wherein said base 
coapromises an additional protecting group on a reactive moiety of 
said base. 

4. The nucleotide analog of Claim 3 wherein said base is 
selected from the group consisting of N*-ani8oyl cytosina, N*- 
benzoyl cytosine, N*-i«obutyryl cytosine and N*-acetyl cytosine. 

5. The nucleotide analog of Claim 1 wherein said protected 
thiol group on said base is selected from tbe group consisting of 
thiodinitrophenyl C-SDNP) , thioalkyldinitrophenyl (-s-R„-dhp) , and 
alkyldisulfide wherein R„ is a lower alkyl. 

6. The nucleotide analog of claim 1, wherein the protecting 
group of R, is selected from the group consisting of p- 
(dimethoxytrityl) , p- (monomethoxytrityl) . f luorenylmethyl- 
oxycarbonyl, levuloyl and 9-phenylxanthene-9-yl . 

7. The nucleotide analog of Claim 1, wherein protecting group 
Of R, is selected from the group consisting of l-(2-chloro-4- 
aethylphenyl)-4-methoxy-4-piperidinium, 2'-acetal, o-nitrobenzyl , 
:tfiSt-butyldimethyl silyi, tetrahydrof uranyl and 

5 nethoxytetrahydropyranyl . 
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«. 1. a pro*.cri„, group .„d i. , Phe.phor«idit. group. 

Th. nucleoti., anaXo, o, a 
cytosine, or uracil. 

10. Th, nu=l.otlde analog ot ci.i„ , wharaXn a.i, 

an a«Xtionax protecting group on a raactive ^iaty „, 
said base. ' ^ 

IX. Tne nucxaotxce anaXo, CXai. XZ wWain eaia ^a.e Xs 
aaxaotea ,ro» t.. group eonsXatXng o. „^-.nXaovX c^oaXno. 
..nzon c^oaxne, ».-x.o.ut.ryX cvto.Xne and H.-a=atW o^oaXne. 

X, . T.. nucxeotida anaXo, o^ cXai. a wherain said protect.. 
^OX group o. .aid .aa. X, ..Xaotad ,ro„ t.e group oonaXatXn, o, 
th.odXnXtropn«^X ,-a«.P, , thXoaX,c,XdlnXtropn«„X ,-S-B„-OK,., ^ 

.I.c.xdX.uX,Xd, ,.a-a-R.., „..raxn x. a Xo«,r aX.,x. 

X3. Th. nucXeotXda anaXog or cXaX„ a wneraXn the protecting 
y^oup c, «, xe sexected ,ro. the group oonsXatXn, c p- 
<dX..thoxytrXtyx, . p-<»o„o»eth,xytrXtyx, . rXuore„yx..thyX- 
oxyoarBonyx, XevuXoyx, and 9-phenyXxaM*.n.-,^l . 

1«. The nucXaotXd. analog o, cXaX. e. whareXn the protecting 
«oup o, i. ..x.oted .ro. the group con.XstXng o. X-<.-chloro-,! 
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luetjriyiphenyl ) -4 -met:hoxy-4 -piper idinyl , 2 ' -acetal , o-nitrobenzyl , 
tfixt-butyldimethyl silyl , tetrahydrof uranyl and 4* 
methoxyl:e^rahydropyrany 1 . 

15. The nucleotide analog of Claim 1 or 8, wherein said 
phosphoraxnidite of is represen^ted by t:he formula: 

I 

0 

X ^ 

Re Re 

is a lower alkyl, cyanoethyl or a substituted lower 

alkyl ; and 

R^, and Rg are independently lower alkyls, or when taken 
together with the nitrogen to which they are 
attached comprise one of the groups: 



— N 





or 



-o 



16. The nucleotide analog of Claim 1 wherein R^ is -OR^ 
wherein R^ is a protecting group and R2 is a phosphorothioamidite 
group . 
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17. The nuoleotia. ^^.^ 1 « l« \* . 



wherein ^6 ^8 

»nd R, are inaependeneiy lower elkvi. 
attached comprise one ot the group.: 




-90- 



.8803532A1_I_> 



V/O 9S/03532 



PCTAJS97/12888 



19. A nucleotide analog o£ the fonaula: 



R - ^ 



^2 ^3 



wherein 



IL, is -H/ -OH/ a mono, di, or triphosphate group, or 

5 is a phosphoramidite group; 

Rj is -H, -OH, a mono, di, or triphosphate group, or 
"OR^; 

r;^ is a lower alkyl or a protecting group; and 
B ie a modified pyrimidinc base comprising a 
10 thiodinitrophenyl group attached at the 5 position 

on said pyrimidine base. 

20. The nucleotide analog of Claim 19 wherexn said base is 
selected from the group consisting of N^-anisoyl cytosine, N*- 
benzoyl cytosine, N*-isobutyryl cytosine and N^-acetyl cytosine. 

21- The nucleotide analog of Claim 19, wherein is -OR^ and 
is a protecting group selected from the group consisting of p- 
( diroetixoxytrity 1 ) , p- (monoxaethoxytrityl) , f luorenylmethyl- 
oxycarbonyl, levuloyl, and 9-phenylxanthene-9-yl. 
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22. 



The nucleotide analog o. caal» is wherein 3aid 
Phosphora«ldite of is repreeented by the fo«ula: 

0 

I 

wherein P d 

is a lower alkyi, cyanoethyl or suhstituted lower 
alkyl; and 

«, ana p. «e independently iow„ .ikyl., or «.en t«»n 
together with the nitro,«, to «.t=h they are 
attached form the groups: 



— N 



-O -O 



23. The nucleotide analog of ciai» 22 wherein ^ i» 3. 
cyanoethyl, is isopropyl and is ieopropyl. 

24. The nucleotide analog of claim 5-1 

or ciaim 23 wherean said base i« 

uridine or deoxyuridine. 



xs p-(almethoxyi:rityl) . 



-92* 



.9803S32A1J_> 



wo 98/03532 



PCT/US97/12888 



26. A nucleotide analog o£ the £omula: 



wherein: 




R, is -U/ -OHf a mono; dl, or triphosphate group, or 
-OR4; 

R2 is *H/ -OH/ a mono/ di, or triphosphate group ^ a 
phosphoramidite group, a phosphorothioaiaidite 
group, a phosphonate group ^ an 0*6ubstituted 
monophosphate group, ~OR^, or a solid support bonded 
via an O at the 3' position; 

R3 is -H, -OH, a mono, di, or triphosphate group, or 
-OR^J 

is a lower allcyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
base . 



27. The nucleotide analog of Claim 26 wherein said base is 
cytosine, or uracil. 

28. The nucleotide analog of Claim 26 wherein said protected 
thiol group on said base is selected from the group consisting of 
thiodinltrophenyl (-SDNP), thioalkyldinitrophenyl ( -S-R,q-DNP ) , S- 
phenylacetamidomethylC-B-CHjNHCOCHgPh) wherein R,^ is a lower alkyl. 

-93- 



wo 98/03532 

PCT/US97/12888 



29. The nuoleotiae -analog Of ciai» 26. whar.in R, ia a 
monophosphate, a diphosphate, or a triphosphate. 

30. An Oligonucleotide containing the nucleotide analog of 
any one of ciaima 1, 8, 16, is, or 26. 

31. A method of producing the nucleotide analog of any one of 
Claim. 1, 8, 16, 19, or 26 which comprisee preparing a thiol- 
protected nucleoeide or nucleotide base wherein said thiol in 
attached to the 5 position on said base; reacting said nucleoside 
or nucleotide base under conditions to effect conversion of said 
base to a phosphoramidlte , phosphorothloamidlte , phosphonate o- 
substltuted monophosphate or phosphate nucleotide analog and under 
conditions which ao not deetroy the protected thiol; and recovering 
said analog. 



32. 



A method Of synthesizing a nucleic acid having an 
attached functional group which comprises incorporating a thiol- 
protected nucleotide analog of any one of Claims 1, 8, 16, as, or 
26 into a nucleic acid by a chemical or enzymatic aethcd of nucleic 
acid synthesis; recovering said nucleic acid containing said 
analog; deprotecting the analog of said nucleic acid to produce a 
nucleic acid containing a reactive thiol group; treating the 
reactive thiol group with a thiol modifying reagent to thereby 
attach a functional group and produce said nucleic acid with an 
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attached functional group; and recovering said nucleic acid with 
said attached functional group. 

33. The method of Claiia 32 wherein said functional group is 
selected from the group, consisting of a photocroaslinker , a 
crosslinker, a reporter molecule i a radioisotope, a fluorescent 
group, a spin label, chemiluninescent or an antigenic group. 

34. The method of Claim 33 wherein said photocrossl inker is 
an aryl azide. 

35. The method of Claim 33 wherein said reporter group is 
biotin, an enzyme, or a fluorescent molecule. 

36. The method of Claim 3 3 wherein said fluorescent group is 
fluorescein. 

37. A method for producing a deoxyuridine analog having a 
protected thiol group on the 5 position, comprising: 

reacting a diacetyl 5-thiocyanate deoxyuridine to form a 
5-dinitrophenylthio deoxyuridine; 

converting said 5-dinitrophenylthio deoxyuridine to a 
phosphoramidite, phosphorothioamidite, phosphonate, 
o-suhstituted monophosphate or phosphate nucleotide 
analog under conditions which do not destroy the 5- 
dini^rophenylthio group; 
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"^-covering said 5-dlnitrophenyltlilo h 

analog. P'^^nylthlo deoxyurldlae 
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s-DNP 1. Radioactive end-lab«ling Of 

5-OH.di(pN)n-OH3- oHgonuciootide ^ 5. (Sg^^il (pN,„.oH 3' 



2. Primer annealing to as DNA 




i 



3. Primer extension oi analog- ( M.oh 

_ tagged oltgonucteoMde V y" 

14. Deprotection and 
Addition of crosstinker 




ONA'Proteln Crosslinklng 




32po3- 5. Nuclease treatment 

9 

drib-dU-S-Ari 
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FiQUfO 6; Rlbonwcieaee Protection Aaaav 



ds RNA-RNA (hybridized) ' 



M RNA (not hybridized) 



SmRNA target A 
RNA probe for mRNA A 



^ Nuclease treatment 

\ ^rvfmmm Protected RNA spectee of predicted size 
VJ f*l* ! hi»m! i » characteristic of mRNA A 



HSfl^^-Sf®** regions of RNA-RNA homolooy with the taroet oene 

rtmcture). Shaded areas iHieFlfj; 
hCS!.i,«^.jr- ^"^'toSO"* to ttie target mRNA and therefore do n« 
hybndae. leaving regions of singie-stranded RNA. These ssRNA raaionfi 
are susceptible to ciesvage by eStain nucleases. ^ 
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. _ BASE-PROTECTED NUCLEOTIDE ANALOGS 

WITH PROTECTED THIOL GROUPS 

gTTVTEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

Not Applicable 

5 RArKGROUWn OF THE INVENTION 

The present application claims the benefit of the filing 
date of U.S. Provisional Application 60/022,573, filed July 24, 
1996. 

The present invention is directed to thiol-protected 
10 pyrimidine nucleotide analogs which can be used, as one example, 
for syntheses of DNA and RNA by chemical or enzymatic methods. 
The subject analogs include reagents suitable for DNA or RNA 
synthesis via phosphoramidite , H-phosphonate or phosphotriester 
chemistry as well as reagents suitable for use by RNA and DNA 
15 polymerases, including thermostable polymerases employed by PGR 
or other nucleic acid amplification techniques. Methods of 
synthesizing the nucleotide analogs are also provided by the 
present invention. The nucleotide analogs of this invention can 
thus be incorporated into oligonucleotides or polynucleotides, 
20 deprotected, and then derivatized with a functional group. 

Oligonucleotides with a variety of modifications have 
widespread utility for many purposes, such as stabilizing 
oligonucleotides to degradation, introducing reporter groups, 
allowing site-specific delivery of therapeutics, and introducing 
25 crosslinkers. Such modifications can occur as modified 
internucleotide phosphate linkages or analogs of such linkages, 
modified sugars or modified bases. Additionally, 5'- or 3 ' -end 
conjugates of the oligonucleotides represent another class of 
modified oligonucleotides. The present invention relates to 
3 0 base-modified nucleotide analogs with protected thiol groups; 

these analogs are intermediates for chemical or enzymatic 
synthesis of oligonucleotides and polynucleotides. 

The synthesis of oligoribonucleotides and oligodeoxyribo- 
nucleotides (i.e. oligonucleotides) containing base-modified 
35 nucleotides at specific positions provides a powerful tool in 
the analysis of protein-nucleic acid or nucleic acid-nucleic 
acid interactions. These oligonucleotides have many other 
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potential uses, such 



therapeutics, utility as anti ^i'^^-atrectad delivery of 

diagnostic probes. Nucleotide " T"'"'^"""' ^"^ " 
nucleic acias either t^t^caur ^tui:! """"^^"^ 
5 polymerases, or chemically utiJi,' ''""^ ^"'^ RNA 

synthesis. Preparation of such 1^ ^^ " automated 

synthesis utilising, for e "Te "^'f""'^'""^- ^y automated 
allows for incorporation of a To'ad TTT'"'"^ nucleotides 
Without the restraints tor speclfL I nucleotide analogs 
10 the nucleotides that is i„„ ! I substrate conformation of 
nucleotide analogs oont\^n~otoL:::Lr"^'"^""^- 
are introduced Into ollgonuclLt!::r to ..oTe" '"""^ 
acxd interactions via photocrosslinking ,for ! ^"^""^""""^l-i- 
see Hanna, 1989, Mtthaas £^2^. 180 383 .n, 
IS Method. rn,y^„,, 3„ c;;;±;^- ^"-^ Hanna, 1996, 

containing 4-thlothymidlne have b." °*°='y°"9onucleo-tiaes 
Photochemical crosslin.ing of prot "^^^ 
nucleotide bases through the ^""""^ directly to the 

>^ ^ ^. ^r^o:. .r'simT^f"^ ^ 

^0 containing 3- (amino-propyl,. 2, . "Ribonucleotides 
and the amino group subsicuentr "'"^ "^^^ ""P^-^ 

Photoactive or other reno T ""^ " ""°«=«nt, 

thlodeoxynucleotide suffers th. V- . the former 

= modified With a thiol .odifyln": " 

base of the nucleotide Is drasti^tr Watson-Crlck 

Similar analogs generally f . -.ing this and 

, . yeneraiiy unsuitable for • 

nucleic acid synthesis. ^" enzymatic 

Other analogs involving modifications at the^ r. • 
3 deoxyuridine have also h*=or, • Position of 

containing analog, s-thil reported. The thiol- 

provided a 

' locyanatodeoxyurldlne phosphoramidit. 

Oligonucleotide ZZ\T:^JT"'"' """'"^ 
* Hanna, 19„, . However teTh"' '"""^^^^ 
variable stability during ^ynth '"°--^y displayed 

the Oligonucleotide a"! the ""^^ "^l-*"- and 

represent an ideal analoo f„ ""^ """^^ compound did not 

nucleotides into nucle' c aoL " =-^""1 -dlfled 

ucle.c acxds. The syntheses of a series of 



8NSDOCID: <WO_9803532A1JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 99/03532 



PCT/US97/12SS8 



phosphoramidites containing alkylthiol tethers at the C5 
position of deoxyuridine has been reported (Goodwin & Click, 
1993) . The thiol groups in these analogs are attached to the 
ring by either a three, four, or five carbon chain. The 
5 presence of the carbon chains makes the minimal distance between 
the molecular probes and the oligonucleotide greater than that 
which can be achieved with our analog. In addition, these 
compounds represent alkyl thiol analogs which have a lower 
reactivity for modification of the thiol group than the 5- 

10 mercaptopyrimidine analog. This is due to an increase in 
acidity of 5-mercaptopyrimidines (pKa-5-5.6) over alkylthiol 
moieties (pKa-8-10) . Phosphoramidites containing alkylthiol 
tethers at the N3 position of thymidine have also been prepared, 
but the position of this modification results in a disruption of 

15 the Watson-Crick base pairing. These analogs have been used 
mainly for preparing disulfide cross-links in DNA for studies 
involving stem loop and triple helical structures (Click, 1991; 
Goodwin et ai . , 1994). 

Several 5-modified deoxyuridine phosphoramidites are 

20 commercially available which contain functional groups (i.e. 

carboxylic acids or alkyl amines) for post-modification 
following incorporation into the oligonucleotide. Likewise, 
alkyl thiol ethers of 5-mercaptodeoxyuridine containing 
protected carboxylic acids and alkyl amines have also been 
.25 described (Bergstrom et al . , 1991). The protected functional 
groups in these analogs are not attached directly to the ring 
but are positioned at the end of carbon chains. These groups 
are not as easily modified as mercaptans: the functional groups 
formed during post-synthetic modification are limited, and an 

30 easily cleavable group is not available. Thiol-containing 
phosphoramidites for incorporating 4-thiothymidine (Clivio et 
al., 1992; Xu et al . , 1992c), 4-thiodeoxyuridine (Clivio et al . , 
1992; Coleman & Kesicki, 1994), 2-thiothymidine (Connolly & 
Newman, 1989; Kuimelis & Nambiar, 1994), 6-thiodeoxyguanosine 

35 (Christopherson & Broom, 1991; Waters & Connolly, 1992; Xu et 
al., 1992b) and 6-thioinosine (Clivio et al . , 1992a) have been 
reported. These analogs can occupy internal positions within an 
oligonucleotide and can serve as photochemical crosslinkers . 
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However, they cannot be further modified without disrupting 
Watson-Crick base pairing, and therefore, as photocrosslinking 
probes, these analogs are only useful for evaluating 
interactions which occur directly with the nucleotide base. 
Modification with other molecular probes (e.g., fluorescent 
tags) would also disrupt Watson-Crick base pairing. in 
addition, the deprotection of oligonucleotides containing these 
thiol-modif ied nucleotides must be carefully monitored to 
prevent conversion of these analogs to the corresponding oxygen 
and nitrogen derivatives. 

Described herein are nucleotide analogs which can be used 
for site-specific modification of DNA or RNA at internal and 
terminal positions within the DNA or RNA sequence, and after 
modification, for molecular probes which can be placed at 
variable distances from the DNA or RNA backbone. 

The present invention provides novel base-protected 
nucleotide analogs, both ribonucleotides and deoxynucleotides , 
that contain masked thiol groups on the 5 position of 
pyrimidines, which is not involved in Watson-Crick base pairing. 
These analogs can be incorporated into oligonucleotides via 
automated synthesis and isolated with the thiol protecting group 
intact. After removal of the thiol protecting group many types 
of functional groups, such as photocrosslinking agents, 
fluorescent tags, radioisotopes, biotin, reporter molecules, 
spin labels (e.g., commercially available proxyl or tempo), 
chemiluminescent , antigenic or other functional groups, can be 
site-specifically attached by utilizing thiol-modif ying 
reagents. This feature adds a level of specificity to the 
oligonucleotide modifications not present with the amino-tagged 
analogs previously described (Gibson et al, 1987), and enables 
examination of molecular interactions that are not directly at 
the nucleotide base by allowing functional groups to be placed 
at varying distances from the base or helix strand. Since these 
analogs have the functional group attached via the sulfur atom, 
some have the further advantage of being cleavable under 
conditions which will not degrade or modify the oligonucleotide. 

SUMMARY OF THE INVENTION 
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This invention relates to pyrimidine nucleotide analogs 
which contain modified bases with protected thiol groups 
attached at a position on the base, preferably the 5 position; 
which is not involved in Watson-Crick base pairing. These 
nucleotide analogs are intermediates in chemical or enzymatic 
synthesis of DNA or RNA oligonucleotides and are therefore 
stable under conditions required for synthesis of these 
molecules. After synthesis, the protecting group on the analog 
is removable to generate a reactive thiol group. Once 
generated, the thiol group can be treated with thiol modifying 
reagents to attach functional groups such as crosslinking agents 
or reporter molecules. 

In particular, the nucleotide analogs of the present 
invention have the formula.: 



R, is -H, -OH, a mono, di, or triphosphate group, or 



is -H, -OH, a mono, di, or triphosphate group, a 
phosphoramidite group, a phosphorothioamidite 
group, a phosphonate group, an O-substituted 
monophosphate group, -OR4, or a solid support 
bonded via an O at the 3' position; 

is -H, -OH, a mono, di, or triphosphate group, or 
-OR4; 

R4 is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
base that is not involved in Watson-Crick base 
pairing or does not disrupt normal Watson-Crick 
base pairing, said protected thiol group being 
stable under conditions of chemical nucleic acid 
synthesis and/or conditions of enzymatic nucleic 
synthesis and being convertible to a reactive 




wherein 



"OR4; 
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thiol (SH) after said synthesis. 
Preferred nucleotide analogs of the present invention are 
P P P^ ^xdites or 5' mono, di and triphosphates 

of modified cytosine or uridine bases for use in the chemical 
5 synthesis of DNA and RNA by the phosphoramidite method or 
enzymatic synthesis with polymerases, ligases, or other 
nucleotide polymerizing enzymes. 

In addition, the nucleotide analogs of the present 
invention include other nucleoside phosphates, containing 3', 
10 5', or 3 ',5' monophosphates, diphosphates, or triphosphates and 
further optionally comprising 2' mono, di, or triphosphates when 
the nucleoside is a ribonucleoside . 

Another aspect of this invention provides nucleic acids and 
oligonucleotides containing the subject nucleotide analogs 
15 having a protected thiol group on a base moiety of that nucleic 
acid or oligonucleotide. a method is also provided to 
synthesize these nucleic acids or oligonucleotides, deprotect 
the thiol group and attach a functional group to the reactive 
thiol moiety. 

2° another aspect of this invention is directed to a 

method of synthesizing the subject base-protected nucleotide 
analogs. 

DESCRIPTION OF THE DRAWTMr:^ 

Figure l: synthetic pathway for the DNP-labeled phosphora- 
25 midite (compound 7). Reaction conditions are as follows 
a) SCNC1,CH,C03H; b) DTT , MeOH , EDTA ; c) 2 , 4-dinitrof luoro- 
benzene,Et3N,CH,CN; d) NaOMe,MeOH; e) DMT^Bir,, DBMP, CH,CN; f) 

2-cyanoethyl-W,W,W/,W'-tetraisoprop'yl- 
phosphorodiamidite, tetrazole, CH,CN. 

30 Figure 2: A. RP HPLC chromatograms of Oligonucleotides A 

and B. The purified 7-mers were analyzed by analytic HPLC on an 
Ultrasphere ODS column, eluted with a 15 minute linear gradient 
from 5% to 20% (v/v) acetonitrile in 20 mM TEAA (pH 7.1). 
(a) Oligonucleotide A, GTA TGT A, eluted at 9 . 8 min. (b) DNP- 

35 labeled oligonucleotide B, GTA T*GT A, eluted at 11.6 min, where 
T represents incorporation of the DNP-analog described inFigure 
^'^^ "^^^ profile of enzymatic degradation of 
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Oligonucleotides A and B. The 7-mers were subjected to 
enzymatic treatment with Nuclease PI and CIP. The reaction 
mixture was analyzed by analytical HPLC on an Ultrasphere ODS 
column, eluted with a linear gradient of acetonitrile in 100 mM 
TEAA (pH 7.1) from 0% to 5% (v/v) in 5 min, 5% to 6% (v/v) in 15 
min., 6% to 50% (v/v) in 5 min and finally 50% to 80% (v/v) in 
15 min- (a) oligonucleotide A reaction, (b) DNP-labeled 
Oligonucleotide B . 

Figure 3: A.: Gel electrophoretic analysis of DNP-labeled 
oligonucleotides. The[-^-P] labeled oligonucleotides C-F (Table 
1) were analyzed by electrophoresis on a 25% polyacrylamide-7M 
urea gel (acrylamide/methylene bisacrylamide=19 : 1) . Lane 1: 
Commercial 24-mer marker, CGC GGA ATT CTC ATG CAT TGC CCA (SEQ. 
ID. N0:5); Lane 2; 24-mer, Oligonucleotide E; Lane 3: DNP- 
labeled 24-mer, Oligonucleotide F; Lane 4: 22-mer, 
Oligonucleotide C; Lane 5: DNP-labeled 22-mer, Oligonucleotide 
D. B.: Gel electrophoretic analysis of the deprotection and 
alkylation reactions. Oligonucleotides E and F were reacted 
with 1.4 M BME. Half of these reactions were alkylated with 5- 
lAF. The treated oligonucleotides were analyzed by 

electrophoresis on a 25% polyacry lamide-7M urea gel (acrylamide/ 
methylene bisacry lamide=19 . l) , Lane 1: Oligonucleotide E + 1.4 
M BME at room temperature; Lane 2: Lane 1 reaction + 5-IAF; 
Lane 3: Oligonucleotide E + 1.4 M BME at 45 °C; Lane 4: Lane 3 
reaction + 5-IAF; Lane 5: Oligonucleotide F + 1.4 M BME at room 
temperature; Lane 6: Lane 5 reaction + 5-IAF; Lane 7: 
Oligonucleotide F + 1.4 M BME at 45°C; Lane 8: Lane 7 reaction 
+ 5-IAF. 

Figure 4: Analysis of PCR products. 

A. PCR products were analyzed by electrophoresis on a 1.5% 
agarose gel. DNA was detected with ethidium bromide. Lane 1:X 
Hind III markers; Lane 2: PCR product using Oligonucleotide E 
as a primer; Lane 3: PCR product using DNP-labeled 
Oligonucleotide F as a primer. XC represents xylene cyanol and 
BPB represents bromophenol blue. 

B. Dot Blot immunodetection of DNP-labeled DNA. PCR 
products were attached to a nylon membrane, incubated with a 
primary antibody to DNP and a 2° antibody linked to horseradish 
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peroxidase. Chen,i luminescence was used for det. 

panel: PCR product using DNP-labeled oi^ "PPer 

primer; Lower panel: PCR product uilna o, ""''^'''^ ' ^ 
primer. ""^^"^ Oligonucleotide E as a 

ModifLToNA'^ Crosslinking to Site-Specif ically 

TO analyze the DNA-protein complexes in th. ^ 
complex a deoxynucleoside PhosphoramLite was in/o-^r 
specifically into a sin«i^ ^ incorporated site- 

was modified with a ^as.ed reactive "^10^ """'""^^ 

basepalring 5 position of deo>cyuridT„. °" 

The Oligonucleotide was th.^T! (5-S-DNP-du. Figure l, . 

the 5- Phosphate o/tTe nucieotir"'"'' ^ 
15 .mase and c,-.p, ATP <step ^ %r'°' Polynucleotide 
base-^oditied oligonucleotide was then ""^"^^^^^^^ 
stranded OHA template (step „ ? h '° ^ 

speci.ioally into double stranded OKA by prW ''t"''' 
3) . The protecting group was then extension (step 

20 stranded DNA by treatment . from the double- 

after removal L the bm. a f (-ep 4, . and 

unmasKed thiol group ''or """^ ^^^^^^ ^° 

With a.idophenac:i bLide to atre"?":; "^^ 
(Step 4) . polymerase and . P^otoreactive azide group 

25 added to assemble a complex on th ^ 

is irradiated with ultravrolet T^t t""' 
to proteins which are bound ad lent to'^The ' 
5, . Lastly, the D„A-protei„ compleTis treat T""""" <"^P 
Which leaves 5- N„Ps to digest the DNA t ""^^ ' 

30 6, . This Will leave a sTnol I " '^'-P 

Phosphate Of the nuclVtlZ^i-rrt ^' 
crosslink. voaved xn the DNA-protein 

gg^l^ILED-DESCRIPTION OFjrH^NygN^ 

The present invention relates ^-o 
35 nucleotide analogs which ar-. I I. ^ ^^""'^^ °^ 

intermediates in chemicl^ oT. - 

acias, including syntlesis^ of""::::^ 0^""^ ^'^'^ 

00th oligonucleotides and 
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polynucleotides. The nucleotide analogs of this invention, 
which contain a protected thiol group, can thus be incorporated 
into DNA or RNA under standard synthetic conditions without loss 
of the thiol protecting group. This stability of the thiol 
5 protecting group permits site-selective introduction into a 
nucleic acid of the nucleotide analog in a manner which 
facilitates later addition of a functional group at that site. 
Thus, the subject oligonucleotides (or polynucleo-tides) can 
contain one (or more) of the subject nucleotide analogs. 

10 Thus, functional groups which can not withstand the 

conditions for chemical nucleic acid synthesis, especially 
during automated synthesis, or which may be too bulky or 
sterically hindered for enzymatic nucleic acid synthesis can be 
readily incorporated into the final oligonucleotide (or 

15 polynucleotide) product. Such derivatized nucleic acids have 
great utility in studying protein-nucleic acid or nucleic acid- 
nucleic acid interactions, as well as the potential for 
diagnostics and delivery of therapeutics. Hence, the present 
invention permits the skilled artisan to place chemical tags 

20 such as crosslinking groups, fluorescent molecules, 
radioisotopes or other reporter molecules at specific positions 
on nucleic acid molecules for analysis of molecular mechanisms, 
for creation of diagnostic probes, for therapeutics, for 
antisense therapeutics and for many other purposes. 

25 In particular, the nucleotide analogs of the present 

invention are intermediates for the chemical synthesis of DNA 
and RNA by manual or automated techniques and are represented by 
the formula: 

R, is -H, -OH, a mono, di, or triphosphate group, or 
-OR4; 

R2 is -H, -OH, a mono, di, or triphosphate group, a 
phosphoramidite group, a phosphorothioamidite 



wherein 

30 
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10 

group, a phosphonate group, an 0-substituted 
monophosphate group, -OR4, or a solid support 
bonded via an O at the 3' position; 
Rj is -H, -OH, a mono, di, or triphosphate group, or 
-OR4; 

R< is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at a position on said base, 
preferably the 5 position, that is not involved 
in Watson-Crick base pairing or does not disrupt 
normal Watson-Crick base pairing, said protected 
thiol group being stable under conditions of 
chemical nucleic acid synthesis and/or conditions 
of enzymatic nucleic synthesis and being 
15 convertible to a reactive thiol after said 

synthesis . 

As used herein, protecting groups defined by R^ are known 
to those of ordinary skill in the art and include any known 
protecting group suitable for protection of the 2', 3' or 5' 

20 hydroxy Is of ribose and the 3' or 5' hydroxyls of deoxyribose 
sugars. In this regard, Greene et al. (1990) Protecting Groups 
in Organic Synthesis, 2nd ed^, John Wiley & Sons, Inc., New 
York, NY, provides a comprehensive review of protecting groups, 
and methods of preparing the corresponding protected compounds, 

25 which can be used for different reactive groups, including 
reactive hydroxy 1 groups. 

Accordingly, examples of protecting groups defined by R,, 
R2 and R4 are lower alkyl, lower cyanoalkyl, lower alkanoyl, 
aroyl, aryloxy, aryloxy-lower alkanoyl, haloaryl, 

30 fluorenylmethyloxy-carbonyl (FMOC) , levuloyl, 9-phenylxanthene- 
9-yl, trityl, p-monomethoxytrityl (MMTr) , p-dimethoxytrityl 
(DMTr), isopropyl, isobutyl, 2-cyanoethyl , acetyl, benzoyl, 
phenoxyacotyl , halophenyl, 1- (2-chloro-4-methylphenyl) -4- 
methoxy-4-piperidinyl, 2'-acetal, 0-nitrobenzyl , tert- 

35 butyldimethylsilyl (TBDMS) , tetrahydrof urany 1 , 4- 
methoxytetrahydropyranyl and related groups. 

Preferred R, protecting groups include 5 'OH protecting 
groups especially DMTr, MMTr, fmoc, levuloyl and 9- 
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phenylxanthene-9-yl groups, and most preferably DMTr- Preferred 
R2 protecting groups include 3 'OH protecting groups, especially 
the acetyl group. Preferred R4 protecting groups include 2 'OH 
protecting groups, especially 2'-acetal, tetrahydrofuranyl, 4- 
5 methoxytetrahydropyranyl and 1- (2-chloro-4-Tnethylpheny 1) -4- 
inethoxy-4-piperdinyl groups, and most preferably TBDMS. 

As defined herein, solid supports include controlled pore 
glass (CPG) , polystyrene silica, cellulose, nylon, and the like. 
Preferred solid supports are CPG and polystyrene. An especially 

10 preferred solid support is CPG. 

R2 can. be taken with the oxygen atom to which it is 
attached, to form a phosphoramidite , phosphorothioamidite, a 
phosphonate, an O-substituted monophosphate, or any other group 
compatible with chemical nucleic acid synthesis, especially 

15 automated DNA or RNA synthesis. As used herein, the 

phosphoramidite and phosphorothioamidite groups have the general 
formulas I and II, respectively: 

I ^11 

"wherein is lower alkyl, n-cyano alkyl, substituted lower 
20 alkyl, aryl, aralkyl, substituted aralkyl and the like, and R7 
and R^ are independently lower alkyl or when taken together with 
the nitrogen to which they are attached comprise cyclic groups 
including: 




— N 




-o 



or 



25 preferably the R^ group of the phosphoramidite group (Formula I) 
is 2-cyanoethyl (CED) or methyl. Accordingly, the preferred 
phosphoramidites of this invention are also referred to as CED 
phosphoramidites or methyl phosphoramidites. 
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As used herein, the term lower alkyl, when used singly or 
in combination, refers to alkyl groups containing one to six 
carbon atoms. Lower alkyl groups can be straight chain or 
branched and include such groups as methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl, pentyl, 
isopentyl, neopentyl, hexyl and the like. The preferred alkyl 
groups contain one to four carbon atoms. 

The term aryl , when used alone or in combination, refers to 
an aromatic ring containing six to ten ring carbon atoms. The 
aryl group includes phenyl, and 1- or 2-naphthyl. The preferred 
aryl group is phenyl. 

The term aralkyl refers to aryl groups as described above 
to which substituents are attached to the aryl by an alkylene 
bridge. The most preferred aralkyl group is benzyl. 
15 When R7 and R, are lower alkyl, the preferred groups are 

each isopropyl groups. 

As used herein a phosphonate group (or H-phosphonate) is 
represented by the formula: 

I 

0 
I 

0 = P — H 
I 

and may also be provided as salts, and preferably as 
20 triethylammonium salts. 

As used herein, O-substituted monophosphates have the 
formula: 

I 

0 

Ry— 0— P = 0 

wherein R., is lower alkyl, haloalkyl, aryl, haloaryl, or 
heteroaromatic. By haloalkyl or haloaryl is meant alkyl or aryl 
25 groups, respectively, which have been substituted with one or 
more halogen atoms including F, CI, Br, or I. Preferred halo 
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substituents are Cl and Br. Preferred groups include 2- 
chlorophenyl, 2 , 5-dichlorophenyl , 2 , 2 , 2-trichloroethyl and the 
N-oxide of 4-methoxypyridine-2-methylene groups. 

Modified pyrimidine bases have a protected thiol group 
attached at a position on the base which is not involved with 
Watson-Crick base pairing or which does not disrupt normal 
Watson-Crick base pairing. The protected thiol groups of this 
invention are stable, i.e. not removable, under the conditions 
used for chemical synthesis of DNA or RNA, and particularly, 
under the conditions employed in automated DNA or RNA synthesis. 
Furthermore, the protecting group of the thiol is removable 
under conditions which do not disrupt the integrity of the 
oligonucleo-tide or polynucleotide. In other words, after a 
nucleotide analog of the present invention has been incorporated 
into an oligonucleotide, for example, the protected thiol group 
can be converted to a reactive thiol (SH) to which functional 
groups can subseguently be added using thiol-modif ying reagents. 

In accordance with this invention the protected thiol 
groups include, but are not limited to, the dinitrophenyl group. 
As used herein, Watson-Crick base pairing refers to the hydrogen 
bonding pattern of adenine-thymine (AT) base pairs, adenine- 
uracil (AU) base pairs, or of guanine-cytosine (GC) base pairs. 
Accordingly, the preferred protected thiol position on 
pyrimidines is the 5 position on the pyrimidine (C,U) ring. 

The preferred bases of the present invention are thus 
pyrimidines such as cytosine (C) , and uracil (U) . Cytosine 
bases contain an additional reactive group, specifically an 
exocyclic amine, which must also be protected during assembly of 
the nucleotide chain via chemical synthesis. Accordingly, bases 
of this invention can have additional protecting groups attached 
as needed to any of the ring positions. Such protected bases 
are well known in the art and include but are not limited to, 
N^'-anisoyl cytosine, N*^-benzoyl cytosine, and N^-isobutyry 1 
cytosine. The N'^-isobutyry 1 cytosine is known by the trade name 
FOD™ base protection (Applied Biosystems, Inc.). Use of these 
further protected bases is compatible with incorporation of the 
protected thiol groups as well as subsequent deprotection 
reactions . 
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for use in chemical synthetic ««i-k«^ ^ ^^''^ 
K r. , =>yni:netac methods to produce DNA anrf pwa 

5 For example, such base analogs include, but are not ll^r. T" 
pseuaocytosine, isopseudocytosine, i-acet "cytosine 
^ethylcytosine, dihydro-uracil , 2 .-o-.ethyluracil 2 -o'-nethJl" 

10 configuration can also be present. «-anomeric 

In a preferred embodiment the bases of ^ 
U, and protected C. invention are c. 

The compounds of the n>-«e«„<- 
nucleoside pHosphates o. Tbe ZZT-. ^-^^^^ 

15 wherein: 

R. is -H -OH, a mono, di, or triphosphate group, or 
-OR^ ; 

'"oh"' T"' ' '^'diphosphate group, a 

'""P' - Phosphorothtoa.idite 
group a phosphonate group, an o-substituted 
monophosphate group, -or,, or a solid support 
bonded via an o at the 3' position; 
IS -H -OH, a mono, di, or triphosphate group, or 

" - protecting group; and 

a .od.f ied pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 

30 is aii: z::r r?:r "^^^ -id ,roup 

^or en^ymatic 'syVtUt 7°:^:^ ^tdd"""""^ 
P.....dine bases generally do .J.^.. plrttn":^ tt 
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additional reactive groups such as the exocyclic amines for 
enzymatic incorporation into DNA or RNA, Accordingly, the 
preferred bases for this class of compounds includes C and U. 

In accordance with this invention the phosphate groups of 
5 Rir ^3 embody all the phosphorylated forms at the C/ and 

Cs' positions of the sugar moiety (and Cj' position when the 
sugar is ribose) and include monophosphates, diphosphates, 
triphosphates and tetraphosphates • Preferably the phosphate 
group is a triphosphate for R,, 

10 The preferred compounds of this invention include the 

phosphoramidites and 5 'triphosphates of 5-SDNP-dU, 5-SDNP-U, 5- 
DNP-dC, and 5-SDNP-C. In the case of the phosphoramidites, the 
base moieties can contain additional protecting groups on the 
exocyclic amines. The preferred compounds also include the 

15 5 'triphosphates of 5-S-S-Et-dU, 5-S-S-Et-U, 5-S-S-Et-dC and 5-S- 
S-Et-C, S-S-CH^-NHCOCH^Ph-dU, 5-S-CH2-NHCOCH2Ph-U, 5-S-CH2- 
NHCOCH2Ph-C, S-S-CH^-NHCOCHjPh-dC, S-SCH^CH^DNP-dU , S-SCH^CH^DNP-U , 
5-SCH2CH2DNP-dC, and 5-SCH2CH2DNP-C . 

The nucleotide analogs of the present invention can be 

20 prepared by adding a protected thiol group to the base moiety of 
the desired nucleoside. The so-modified nucleoside can then be 
phosphorylated to produce a nucleotide analog phosphate compound 
of this invention using conventional phosphorylation techniques. 
To produce a phosphoramidite , phosphonate, phosphorothioamidite 

25 or O-substituted monophosphate of this invention, the 5' -OH or 
2' -OH groups of above-modified nucleoside are protected as 
necessary by addition of the desired protecting group by 
standard methodology. This protection step(s) is (are) followed 
by conversion to the nucleotide-analog phosphoramidite, 

30 phosphorothioamidite, phosphonate or O-substituted monophosphate 
by reaction of the 3 'OH of the nucleoside with the appropriate 
modifying group. Similarly, the 3 'OH can be attached to a solid 
support, such as CPG, or another protecting group using 
conventional methodology available to the ordinarily skilled 

35 artisan in this field. 

For example, to prepare protected thiol-groups at the 5 
position of uridine or 2 ' -deoxyuridine nucleosides , the sulfur 
atom must be incorporated on the base, for which the method of 
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Nagamachi et al. (1972, J.C.S. C hem. CoTnmnn . 18:1025-6) has 
been modified. An equivalent amount of potassium thiocyanate is 
dissolved into a solution of chlorine gas in glacial acetic acid 
to produce the thiocyanpgen chloride in solution. An iodometric 
5 titration is performed with Cl,/HOAc to determine the amount of 
CI, present. The solution can be used directly or filtered prior 
to the next step. In either case, the acetyl-protected U or dU 
is added all at once with stirring. This reaction is maintained 
with stirring at room temperature for about 1.5 hours until the 

10 reaction is completed. An excess of cyclohexene or other 
quenching agent is then added to quench any remaining 
thiocyanogen chloride. Quenching is complete in 15 to 60 min, 
and usually in about 30 min. After removing solvents and 
organic residue in vacuo, the remaining residue can be purified 

15 by silica gel chromatography with a gradient of petroleum ether 
and ethyl acetate or with other chromatographic methods. These 
acetyl-protected 5-thiocyanato dU and U nucleosides can then be 
reduced to 5-mercapto nucleosides for further der ivatization as 
described herein to produce the nucleotide analogs of the 

20 present invention. 

The mono-, di-, tri or tetra phosphate compounds can be 
prepared by a similar reaction by beginning with the appropriate 
starting 5-thioprotected nucleoside. If necessary, the 2'-OH of 
the ribose sugar can be protected prior to the reaction using 

25 any of the known 2' -OH protecting groups by conventional 
techniques. 

The described synthesis and utilization of 5-thiocyanato- 
deoxyuridine phosphoramidite for placement of the sulfur 
directly on the base has been previously described (Bradley & 

30 Hanna, 1992). However, the synthesis of 5'-0-(4,4'- 

dimethoxytrityl) - 5-5- (2 , 4-dinitroph.enyl) mercapto-2 '- 
deoxyuridine-3'-0-(2-cyanoethyl-W,W'-diisopropyl) 
phosphoramidite is more reproducible and the product is more 
stable than 5-thiocyanatodeoxyuridine phosphoramidite and 

35 represents a more desirable analog. A variety of functional 
groups can be attached to the reactive thiol. once this 
modified nucleotide is incorporated into an oligonucleotide or 
nucleic acid, the protecting group can be removed to unmask the 
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reactive thiol, making it available for further der ivitization 
with thiol-specif ic agents. This method has the advantage that 
an oligonucleotide tagged with this analog can be synthesized 
and stored for long periods without removal of the protecting 
group. When needed, an aliquot can then be deprotected and 
modified. In addition, in some cases the protecting groups are 
themselves antigenic (e.g., "DNP) and may be retained in the 
nucleic acid product for detection utilizing antibodies. 

One method used to produce one of the nucleotide analog 
phosphoramidites of this invention and described in detail in 
Example 1 below is shown in Fig. 1. Briefly, as depicted, 5- 
SDNP-dU or 5-SDNP-U are prepared by reduction of the SCN, 
protection of the thiol as the DNP ether, and de-esterif ication 
of the sugar ring. The protected-thiol nucleoside thus formed 
is then reacted with the DMT"**BF4", or another 5 'OH protecting 
group, in an anhydrous organic solvent in the presence of an 
organic base for 2-24 hours until the reaction is complete. The 
resulting product can be isolated by liquid chromatographic 
methods and then converted to a CED phosphoramidite by reaction 
with 2-cyanoethyl N, N, N' , N ' -tetraisopropy 1 phosphordiamidite 
and tetrazole under anhydrous conditions and in an inert 
atmosphere. This reaction is preferably stirred for 1 hour, 
although this time can be varied, the solvents removed in vacuo 
and the residue purified by chromatographic methods. Exposure 
to atmosphere is acceptable but should be minimized. This 
phosphoramidite can be stored dry under positive pressure of 
inert atmosphere (argon or nitrogen) in a tightly sealed 
container at low temperature. 

Other phosphoramidites of this invention can be prepared by 
reaction with the appropriate chlorophosphoroamidite. For 
example, the O-methy Iphosphoramidites can be prepared by 
reacting the 5 - S D N P - 5 ' - D M T r - d U with N,N- 
diisopropylmethylphosphonamidic chloride by conventional 
techniques. Similarly, the phosphorothioamidite, phosphonates , 
O-substituted monophosphate can be prepared using conventional 
techniques with commercially available reagents. As mentioned 
above to avoid unwanted side reactions, protection of the 5 'OH 
and 2 'OH groups on the sugar moiety and the exocuclic amine 
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groups on the base moiety may be necessary before the final 
reaction step which produces the nucleotide analogs of this 
invention. 

in general the chemical synthetic routes to nucleotide 
5 phosphoramidites, phosphorothioamidites , phosphonates and O- 
substituted monophosphates, as well as nucleotide phosphates 
are well known. in addition, nucleoside phosphates can be 
enzymatically synthesized. Chemical synthetic techniques for 
these compounds, as well as the common synthetic routes to 
10 prepare RNA and DNA, have been described in many sources 
Particularly, useful references include Gait (1984)' 
Oligonucleotide Synthesis^ a p........ ^r r^n-h irl Press 

oxford; Blackburn et ai. (1990) Nuclei. ..... rn.^...,-,. .J 

1. ^^P^-i-^iy Chap. 3; Chaps 13-16 of 

15 Methods Knzymmorry , Vol. 154 (Wu et al. , eds.) Academic 

Press, San Diego, CA, 1987; chaps. 13-14 in Method. ^ n m.. . 
Bioioa^, vol. 4 (Walker, ed.), Humana Press, Clifton, NJ, 1988- 
and Uhlmann et al. (1990) chem. Rev. 90:544-584. 

in addition to providing methods for chemical synthesis of 

20 DNA and RNA, some of these references (particularly Gait and 
Uhlmann et al. ) describe the reactions and methodology for 
adding protecting groups to 5'OH, 3'OH and 2'OH groups, and 
exocyclic amine groups (n* of adenine, N^ of cytosine, of 
guanine). These references also provide information and 

25 protocols to attach nucleotides to solid supports which 
protocols are useful for attaching the base-protected nucleotide 
analogs of this invention. 

The synthesis of 5-SDNP-dC and 5-SDNP-C can be accomplished 

by reaction of 5-Br-dC or 5-Br-C with sodium hydrogen sulfide 

as described by Solan, followed by conversion into the DNP thiol 

ether, m these cases, it may be necessary to first protect the 

4 amino group of cytosine (e.g., as the iso-butoxy amide) and 

complete the remaining protection steps (5-O-DMTr and 2-0- 

TBDMS, if needed) before preparation of a CED phosphoramidite or 

35 conversion to the triphosphate (Sung, i982, J. org. chem 

47:3623). Alternatively, 5-S-dU or 5 <5 11 . w~ 

y/ 3 t, au or 5-S-U can be converted to 

the corresponding compounds. Several methods are available for 
thxs conversion of u to c, including sung, Xu, and MacMillan. 



30 
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The conversion of 5-SDNP-dU and 5-SDNP-U to 5 ' phosphates , 
phosphoramidites, phosphorothioamidites , phosphonates , and O- 
substituted monophosphates has been described herein above. All 
of these reaction schefnes can be used to produce the 
corresponding thiol protected cytosine analogs. If necessary, 
various protecting groups for the 5 'OH, 3 'OH or 2 'OH groups as 
well as the exocyclic amines can be added in accordance with the 
methodology described herein. 

Another aspect of this invention relates to the 
oligonucleotides or polynucleotides containing the nucleotide 
analogs of this invention and a method of preparing such nucleic 
acids using the subject nucleotide analogs. Oligonucleotides 
and polynucleotides of this invention are made by standard 
methods of chemical (automated or manual) synthesis or enzymatic 
synthesis of DNA and RNA. Such methods are well known in the 
art. In chemical synthesis, the nucleotide analog of this 
invention is substituted for a particular nucleotide at the 
desired point in the synthesis. 

After incorporation of the nucleotide analog and complete 
synthesis of the oligonucleotide or polynucleotide, the thiol 
can be deprotected and reacted with any number of thiol- 
modifying reagents to attach a functional group at that point on 
the oligonucleotide or polynucleotide. Deprotection of S-DNP or 
S-S-Et can be accomplished by treatment with jS-mercaptoethanol 
or by other means of reducing sulfides. In a preferred method 
for the DNP analog, deprotection is accomplished by treating the 
oligonucleotide with 1.4M BME at 4 5^C for 4 hours or at room 
temperature overnight. 

Any variety of functional groups can then be added to the 
reactive thiols group generated by the deprotection step. Such 
functional groups include cross-linking groups, photoactive 
cross-linking groups (e.g. arylazides) , and reporter molecules 
such as radioisotopes, biotin, enzymes and fluorescent markers. 
The methods for adding functional groups are well know in the 
art. 

Yet another aspect of this invention provides a method of 
preparing the nucleotide analogs of the invention. In 
particular, this method involves preparing a thiol protected 
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nucleoside or nucleotide base wherein said thiol is attached to 
a position on said base that is not involved in Watson-Crick 
base pairing or does not disrupt normal Watson-Crick base 
pairing; reacting said nucleoside or nucleotide base under 
conditions to effect conversion of said base to a 
phosphoramidite, phosphorothioamidite, phosphonate o- 
substituted monophosphate or phosphate nucleotide analog and 
under conditions which do not destroy the protected thiol • and 
recovering said analog, m accordance with this invention/ this 
method is accomplished as described above for synthesis of the 
subject nucleotide analogs. Recovery of the analogs can be 
accomplished by HPLC, FPLC or other chromatographic separation 
techniques . 

A further aspect of this invention provides a method of 
15 synthesizing a nucleic acid with a functional group by 
incorporating a thiol protected nucleotide analog in accordance 
with this invention into a nucleic acid by a chemical or 
enzymatic method for nucleic acid synthesis; recovering the 
nucleic acid containing the analog; deprotecting the analog of 
that nucleic acid to produce a nucleic acid containing a 
reactive thiol group; reacting the reactive thiol group with a 
thiol-modifying reagent to thereby attach a functional group and 
produce the nucleic acid with the functional group; and 
recovering the nucleic acid with the functional group m 
accordance with this invention, this method is accomplished as 
described hereinabove for synthesis of oligonucleotides and 
polynucleotides (See for example Gait or Sambrook et al) As 
used herein, nucleic acids include oligonucleotides and 
polynucleotides. Preferably, the oligo-nucleotides range in 
30 Size from about 5 to about loo nucleotides. Polynucleotides 
range m size from 100 nucleotides to 10 kb or more. Recovery 
of the analogs can be accomplished by HPLC, FPLC, other 
Chromatographic techniques, extraction, phase separation or 
precipitation. 

While the invention will now be described in connection 
with certain preferred embodiments in the following examples so 
that aspects thereof may be more fully understood and 
appreciated, it is not intended to 1 j^i^^\ii^la«tion to these 
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particular embodiments. On the contrary, it is intended to 
cover all alternatives, modifications and equivalents as may be 
included within the scope of the invention as defined by the 
appended claims. Thus the following examples, which include 
5 preferred embodiments, will serve to illustrate the practice of 
this invention, it being understood that the particulars shown 
are by way of example and for purposes of illustrative 
discussion of preferred embodiments of the present invention 
only and are presented in the cause of providing what is 
10 believed^ to be the most useful and readily understood 
description of formulation procedures as well as of the 
principles and conceptual aspects of the invention. 

EXAMPLES 

Procedures 

15 Materials. Unless otherwise stated, starting materials for 

the chemical synthesis of the phosphoramidite were obtained from 
Aldrich, Sigma, Fluka or Fisher Scientific and were used without 
further purification. Anhydrous HOAc was prepared by fractional 
freezing (Nagamachi et al. , 1974). Anhydrous CH2CI2 was 

20 distilled from phosphorus pentoxide. Anhydrous CH3CN was 
purchased from Cruachem. Dowex BOW x4 was purchased from 
BioRad. Analytical thin layer chromatography was performed on 
Whatman silica gel 60 plates with fluorescent indicator. Column 
chromatography was performed with silica gel 60A from American 

25 Scientific Products. Reagents for the oligonucleotide syntheses 
were obtained from Cruachem, Standard exocyclic amine 

protecting groups were used: Benzoyl for dA and dC and 
isobutyryl for dG. Solvents utilized for the reverse phase 
chromatographic purification of the oligonucleotides were of 

30 HPLC grade. The fluorescent thiol modifying agent, 5-IAF was 
purchased from Molecular Probes (Eugene, Oregon) . 

Buffers. The buffers used were as follows: buffer A, 100 
mM TEAA (pH 7.1); buffer B, 20 mM TEAA (pH 7.1); buffer C, 50 mM 
Tris-HCl (pH 4.9), 1 mM MgClj, O.l mM ZnCl^; buffer D, 50 mM 

35 Tris-HCl (pH 9.0), 1 mM MgCl,, 0.1 mM ZnCl,, 0.5 mM spermidine; 

buffer E, 7 M urea, 0.05% (w/v) xylene cyanol; buffer F, 5% 
(v/v) glycerol, 0.04% (w/v) xylene cyanol, 0.04% (w/v) 
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bromophenol blue. 

Enzymes and Antibodies. Nuclease Pi was obtained from 
Pharmacia Biotech. CIP was supplied by Promega. T4 
Polynucleotide Kinase was purchased from New England Biolabs. 
5 AmpliTaq Polymerase was obtained from Perkin Elmer. Rabbit 
polyclonal anti-DNP antibody was purchased from Sigma. Anti- 
rabbit Ig, horseradish peroxidase-linked whole antibody was 
obtained from Amersham. 

Analytical Methods. Melting points were determined on a 
10 Mel-Temp melting point apparatus and are uncorrected, 'h NMR and 
^'P NMR spectra were recorded on a Varian XL-3 00 or 500 
spectrometer, respectively. Chemical shifts are reported in 
parts per million (S) relative to internal tetramethylsilane or 
to external 85% phosphoric acid. UV spectra were measured on 
15 either a LKB Biochem Ultraspec II or a Beckman DU 7500 
spectrophotometer. IR spectra were recorded with a Perkin Elmer 
710B Infrared spectrometer. FAB MS were recorded on a VG 
analytical ZAB-E spectrometer. Unless otherwise stated, all 
chemical reactions were performed under a nitrogen atmosphere. 

HPLC analyses were performed with a Beckman LC system which 
was equipped with a 125 solvent delivery module and a 168 diode 
array detector and was controlled with Beckman System Gold 
Software. A reverse phase C18 column (Beckman Ultrasphere ODS, 
250 X 4.6 mm, i.d.) and guard column (Upchurch, i cm x 4.3 mm, 
i.d.) were utilized with both analytical and semi-preparative 
separations. Sample loops of i mL and 50 were used for semi- 
preparative and analytical analyses, respectively. All HPLC 
analyses were performed using a gradient solvent system composed 
of triethylammonium buffers and acetonitrile at a flow rate of 
30 1 mL/min. Unless otherwise stated, UV absorption was monitored 
at a wavelength of 2 60 nm. 

Abbreviations: DNP, 2 , 4-dinitrophenyl ; 5-IAF, 5- 

iodoacetamido-fluorescein; CIP, calf intestinal alkaline 
phosphatase; TEAA, triethylammonium acetate; TEAB, 
35 triethylammonium bicarbonate; DMT, dimethoxytrityl ; RP HPLC, 
reverse phase high pressure liquid chromatography; PCr! 
polymerase chain reaction; DTT, dithiothreitol ; EDTA, 
ethylenediaminetetraacetic acid; DMTCl, dimethoxytrityl 
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Chloride; DMT*BF*4, dimethoxytrity 1 tetraf luoroborate; BME, )3- 
mercaptoethanol ; HR FAB MS, high resolution fast atom 
bombardment mass spectroscopy. 

Example 1. Preparation of 5-SDNP*dU-Dhosphoramidite 
5 Shown in Figure 1 and described in detail below is the 

pathway used for the synthesis of the DNP- labeled 
phosphoramidite, compound 7. 

synthesis of 3 ' / 5 ' -0-Diacetyl-5-thiocyanato-2 ' -deoxyuridine 
(Compound 2) • 

10 Anhydrous HOAc (150 mL) was added to a three-neck round bottom 
flask equipped with a vacuum adapter and teflon needle. Dry Cl^ 
was slowly bubbled through the teflon needle into the reaction 
vessel for a brief period. A 5 mL aliquot of the CIt/HOAc 
solution was removed and subjected to iodometric titration to 

15 determine the amount of Cl^ added (2.9 g, 41 mmol) (Flaschka et 
al,, 1969). KSCN, previously dried overnight at 100«»C, (4.4 g, 
45 mmol) was added to the reaction vessel. The reaction mixture 
was allowed to stir at room temperature for 30 min. prior to the 
addition of 3 5 ' -O-diacetyl-2 ' -deoxyuridine, 3 ' , 5 ' -O-Diacety 1- 

20 2 ' -deoxyuridine was prepared by reaction of deoxyuridine with 
acetic anhydride in pyridine for an 82% yield: mp=106-108 (Lin 
& Gao, 1983) (1.1 q, 3.5 mmol). After the mixture was stirred 
for an additional 1.5 hours, cyclohexene (10 mL) was added. The 
, mixture was then stirred for 15 min. and filtered; the filtrate 

25 was concentrated under vacuum. Residual HOAc was removed azeo- 
tropically with toluene and the residue was triturated with 
petroleum ether. The petroleum ether was decanted and the 
residue subjected to column chromatographic purification 
[petroleum ether: EtOAc(2:l - 1:3)] which yielded a semi-solid. 

30 Recrystallization from EtOH:EtOAc provided Compound 2 as a white 
solid (1.05 g; 82%) :mp 154-156*»C; IR(KBr) 2140cm-* (SCN stretch); 
*H NMR (CDCIO S 9.12(bs, IH, N,H) , 8.18 (s, IH, H^) , 6.14 (dd, 
J=7.8, 5.7 Hz, IH, H,0 , 5.13 (m, IH, H,,) / 4.24 (m, IH, Hy) / 4.19- 
4.15 (m, 2H, Hr and Hy) , 2.32 (ddd, J= 14.4, 5.7, 2.1 Hz, IH , 

35 f 2.13-2.07 (m, 7H, 2 CH, and H,,) ; UV (MeOH) 270 nm. 
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Synthesis of 3^5' -0-Diacetyl-5-mercapto-2 ' -deoxyuridine, 
(Compound 3) • 

This reaction should be performed in a fume hood. EDTA (25 mL; 
0.1 M, pH 7.7) and DTT (293 mg, 1.90 mmol) were added to a 
5 solution of thiocyanate 2 (207 nig, 0.561 mmol) in MeOH (30 mL) . 
The reaction mixture was allowed to stir at room temperature for 
35 min. and was then filtered. The filtrate was reduced to half 
by rotary evaporation, made acidic with 10% (v/v) H2SO4 and 
extracted with CH^Clj. The CHjClj extract was concentrated under 

10 reduced pressure and the residue was triturated with HjO to 
provide Compound 3 as a white solid (148 mg; 77%). TLC analysis 
showed a yellow spot upon development with 2 , 2 ' -dithiobis(5- 
nitropyridine) (Grassetti & Murray, 1969): mp=159-163 «C; IR(KBr) 
2530 cm-* (SH stretch); *H NMR (CDCI3) 5 8.70 (bs, IH, N3H) , 7.67 

15 (s, IH, H J , 6.30 (dd, J=8 . 2 , 5.8 Hz, IH, H,.) , 5.22 (m, IH, H,.) / 

4.43-4.25 (m, 3H, H4. and Hy) , 3.60 (s, IH, SH) , 2.50 (ddd, 
J=14.4, 5.8, 2.2 Hz, IH, Hy) , 2.21-2.10 (m, 7H, 2 CH3 and Hy) ; UV 
(0.1 M EDTA w/DTT, pH 7.76) 260, 334 nm. (The broad melting 
point range may indicate the presence of 5 , 5"-dithiobis (3 ' , 5 ' - 

20 diacetyldeoxyuridine) . On the average, 7% disulfide analog was 
present in the sample as determined by UV absorbance (Xmax 33 5 
nm) in the presence and absence of DTT (Bardos & Kalman, 1966)) . 

Synthesis of 3 S 5 ' -O-Diacetyl-5-s- (2 , 4-dinitrophenyl)mercapto- 
2 ' -decxyur idine , ( Compound 4 > • 

25 2,4-Dinitrof luorobenzene (57 mg, 0.31 mmol) and EtjN (200 ^L) 
were added to a solution of mercaptan 3 (86 mg, 0.2 5 mmol) in 
anhydrous CH3CN (10 mL) . The reaction mixture was allowed to 
stir at room temperature for 1.5 hours before the solvent was 
removed by rotary evaporation. The crude material was purified 

30 using column chromatography [Hexanes: EtOAc(4:l to 1:1)]. The 
product was obtained as a yellow solid (113 mg, 89%): IR(KBr) 
1530, 1340 cm' (NO, stretch); >H NMR (CDCI3) S 9.14 (d,J=2.4 Hz, 
IH, H3 of DNP) , 8.40 (bs, IH, N3H), 8.31 (dd, J=9 . 1 , 2.5 Hz, IH , 
H5, of DNP), 8.23 (s, IH, Hft), 7.33 (d,J=9 Hz, IH, H^, of DNP), 

35 6.32 (dd, J=7.8, 5.7 Hz, IH, Hl^), 5.25, (m, IH, H3.) , 4.44-4.25 

(m, 3H, H4, and Hy) , 2.55 (m, IH, Hj.) / 2.27 (m, IH, Hj.) . 2.13 (s, 
3H, CH3) , 2.10 (s, 3H, CH3) ; UV (MeOH) 264, 323 nm. 
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Synthesis of 5-S- (2 , 4-Dinitrophenyl) mercapto-2 ' -deoxyuridine/ 
(Compound 5) . 

NaOMe (2 5% solution in MeOH; 8 2 /iL; 0.3 6 mmol) was added to a 
solution of Compound 4 (92 mg, 0.18 mmol) in anhydrous MeOH (6 
5 mL) and the reaction mixture was maintained at room temperature. 
After 2 hours, the mixture was treated with Dowex SOW x4 and 
filtered. The filtrate was reduced by rotary evaporation. The 
product was obtained as a yellow solid following column 
chromatographic purification of the reaction mixture [EtOAc: 

10 petroleum ether (1:4 to 1:0)] (62 mg; 81%): IR(KBr) 1530, 1340 
cm"* (NO2 stretch); 'H NMR (Cd.OD) S 9.08 (d, J = 2.4 Hz, IH, H, of 
DNP) , 8.85 (S, IH, H J , 8.39 (dd, J = 9, 2.4 Hz , IH , of DNP) , 
7.64 (d, J = 9 Hz, IH, H^ of DNP) , 6.33 (t, J = 6.3 Hz, IH, H,,) / 
4.45 (m, IH, H3O / 4.00 (m, IH, H4.) . 3.84 (dd, J - 12, 3 Hz, IH, 

15. H5O I 3.75 (dd, J = 12, 3 Hz, IH, Hy) , 2.50-2.33 (m, 2H, H..) ; UV 
(0.1 M TEAA, pH 7.1 with 57% CH3CN) 262, 334 nm. 

Synthesis of 5'-0-Dimethoxytrityl-5-S-(2/4- 
dinitrophenyl ) mercapto-2 ' -deoxyuridine (Compound 6) . 

Anhydrous CH3CN (6 mL) was added to a mixture of compound 5 (42 
20 mg, 0.10 mmol), DMT'*'BF"4 (57 mg, 0.14 mmol) and 2 , 6-di-tei-t-buty 1- 
4_inethylpyridine (DBMP) (35 mg, 0.18 mmol). The resulting red 
solution was heated to reflux. After 1.5 hours, a second 
portion of DMT'*'BF4- (26 mg, 0.064 mmol) and DBMP (13 mg, 0.067 
mmol) was added and the reaction mixture was maintained at 
25 reflux for an additional 8 hours. The CH3CN was removed by 
rotary evaporation. CHoCl, and 5% aq. NaHCO, were added to the 
residue. The mixture was stirred briefly and the resulting two 
layers separated. The NaHCO, layer was re-extracted twice with 
additional CHjCl^. The organic layers were combined, dried 
30 (Na2S04) and reduced. The product was purified using column 
chromatography [CH^Clj: MeOH: pyridine (99.5:0:0.5 to 98.5:2:0.5)] 
(27 mg: 37%) ; 'H NMR (CDCl,) S 9.02 (d, J = 2.1 Hz, IH, H3 of 
DNP) , 8.46 (s, IH, H J , 8.07 (dd, J = 9, 2.4 Hz, IH, H, of DNP) , 
7.35-7.09 (m, lOH, H6 of DNP and Ar) , 6.75-6.64 (m, 4H, Ar) , 
35 6.41 (dd, J = 9, 2-4 Hz, IH, H,.) , 4.70 (m, IH, Hy) , 4.16 (m, IH , 

H4) , 3.73 (2s, 6H, 2CH3) , 3.38 (d, J = 7.5 Hz, 2H, Hy) , 2.64 (m, 
IH, H,,) , 2.44 (m, IH, H2O ; UV (0.1 M TEAA, pH 7.1 with 82% CH.,CN) 
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264, 324 nm; HR FAB MS calculated for C,,H„N,0.,S (M)-728.1788 
found 728.1802 (1.9 ppin). (Synthesized by the method of 
Bleasdale et al. (Bleasdale et al . , 1990) ) . 

synthesis of S ' -0- (4 , 4 ' -dimethoxytrityl) -s-s- (2 , 4-dinitrophenyl) 

5 =»e^=apto-2'-deoxyuridine-3'-o-<2-cyanoethyl-N,N'-diisopropyl) 
phosphoramidite (Compound 7) . 

compound 6 (13 mg, is nmol) was dried under vacuum in the 
reaction vessel. Anhydrous CH.CN (0.3 mL) was added and the 
reaction vessel was transferred to an atmosphere bag filled with 

10 dry N3. A mixture of 2-cyanoethyl-N, N, N'N' -tetraisopropyl- 
phosphorodiamidite (5.5 /iL, 17 nmol) and tetrazole (I.3 mg, is 
Mmol) in anhydrous CH,CN (50 nL) was added. The reaction mixture 
was maintained at room temperature for 30 min. An additional 
mixture of 2 - c y a n o e t h y 1 - n , N , n ' N ' - 

15 tetraisopropylphosphorodiamidite (2.3 mL, 7.2 ^mol) and 
tetrazole (0.6 mg, 8.3 Mmol) in anhydrous CH,CN (25 mL) was added 
and the reaction mixture was stirred for 30 min. CH,C1, (20 mL) 
and 5% (w/v) aq. NaHCO, (15 mL) were added to the mixture; the 
organic layer was removed and re-extracted with water, dried 

20 (Na^SO,) and evaporated. The residue was subjected to column 
chromatographic purification [ CH^Cl,: MeOH : pyridine (99 . 5 : 0 : 0 . 5 to 
98.5:1.0:0.5)] to obtain Compound 7 (8.6 mg, 52%). The yellow 
product was analyzed by analytical RP HPLC using a gradient of 
buffer A and acetonitrile [70% (v/v) CH,CN to 80% in 3 min.; 80% 

25 CH3CN to 100% in 15 min.]. UV absorption was monitored at 
wavelengths of 254 and 330 nm. The diastereomers eluted at 
11.09 and 12.4 9 min. uv scans of the diastereomers showed 
absorption peaks at 264 and 327 nm. Phosphorus NMR indicated 
the presence of two diastereomers ["p NMR (CDCl,) s 149 12 

30 149.27 ppm] . 

Example 2. Automated Svnthes^^ r. f an Q1 i »r.nucleoi- i ri^ 

Containing 5-SDNP-du 
synthesis and Purification of Oligonucleotides. 

Oligonucleotides were synthesized on an Applied Biosystems 
392 DNA synthesizer using the standard ^-cyanoethyl-protected 
phosphoramidite method, a series of three modified oligonucleo- 
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tides were prepared on a 40 nmole scale using a Trityl On 
method. The thiol-protected analog, Compound 7, was manually 
dissolved into anhydrous acetonitrile at a concentration of 
0,027 M and the solution was attached to the spare port on the 
5 DNA synthesizer. As the concentration of Compound 7 was lower 
than the concentration of the commercial phosphoramidites used 
in these syntheses (0.05 M) , the coupling time for the modified 
analog was increased by 120 seconds. Syntheses of the 
corresponding unmodified oligonucleo-tides were also performed. 

10 The sequences of the oligonucleotides are shown in Table 1. 

The oligonucleotides were removed from the column by 
treatment with concentrated NHjOH(l mL) . Deprotection of the 
exocyclic amines was then accomplished by treatment of the 
oligonucleotides with an additional 1 mL of fresh concentrated 

15 NH4OH at room temperature for 44 hours. The NH4OH solution was 
concentrated using a Savant Speed Vac without heat. Small 
portions of Et^N were periodically added to the concentrating 
solution to maintain a basic pH. The crude oligonucleotides 
were re-dissolved in 10 mM TEAB (pH 7.1) and purified as the DMT 

20 ethers using semi-preparative RP HPLC. Two different gradients 
of buffer B and acetonitrile were utilized. The shorter 
oligonucleotides (7 and 22 nucleotides) were purified with an 
elution gradient of CH,CN from 5% (v/v) to 30% in 15 min. then 
30% to 100% in 5 min. The 24-mer oligonucleotides were purified 

25 with an elution gradient of CH3CN from 5% to 30% in 18 min. then 
30% to 100% in 5 min. The appropriate fractions were evaporated 
to dryness using a Jouan Concentrator without heat. Following 
purification of the oligonucleotides, the DMT group was removed 
by treatment with 80% (v/v) HOAc (200 /xL) at room temperature 

30 for 20 min. The oligonucleotides were ethanol precipitated and 
re-dissolved into 300 jitL of nanopure water and stored at -20**C. 
The purity of the oligonucleotides was analyzed by analytical RP 
HPLC (Figure 2A, Oligonucleotides A and B shown) . Elution of 
the oligonucleotides was performed using a linear gradient of 

35 CH3CN (5 to 20% in 15 min.) with buffer B. The purified 
oligonucleotides were also analyzed by 25% polyacrylamide-7 M 
urea gel (aery lamide/methy lene bisacry lamide = 19/1) (Figure 3A, 
Oligonucleotides C-F shown) . 
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Enzymatic Digestion with Nuclease pi and CIP 

Oligonucleotides A and B were subjected to enzymatic digestion 
The pure oligonucleotides were incubated with Nuclease Pi ( 
at 37 oc . r 6 hours in a total volu.e of so of buffer C 
5 P.ve ..crol.ters of xox buffer 0 and 43 of Hp were added to 
the reaction. ciP (2 U) was added and the pH of the reaction 
was adjusted with 5% (v/v) NaOH (0.8 .L) . The reaction ZTZ 
was xncubated overnight at 37-0. To recover the nucleosides " 
ML Of 3 M NaOAC, p„ 5.3 and 250 ,L of absolute EtOH were aa^ed 
10 to the reaction fixture. The fixture was stored at -ToZ ToT, 
hours and then centrifuged at 14000 rp. for 20 .in ThI 
supernatant fraction was removed and concentrated The 
resulting resxdue was re-dissolved into 35 of buffer A Tnl 
analyzed by analytical RP hplc (Figure 2B^ ^ . 

15 gradient consisted Of buffer A With an r 

Of CH,CN (0% to 5% in 5 .in 5. ' ^ concentration 
= . ' . ' ^° ^" 15 min., 6% to 50% in 

5 mxn. and finally 50% to 80% in 15 .in.). The uv absorl^n 
was .on.tored at 260 and 330 n.. co..ercial nucleosries an^ 
monophosphates of dA. dC dc ;,nH t ucieosides and 

o) was also utilized as a stanrtar-rj a 

•^w ^ ^ standard. An enzymatic diaestion 

without Oligonucleotide was performed to iaentif, JollZZ 

peaks arising from the buffer and enzymes. aground 

O.prot.=tio„ and al.yXation of a D«P-„odifled oligonucleotide. 

Oligonucleotide F ,100 pmol) was radiolabeled by reaction 
Wl h Polynucleotide Kinase using e,-.»P3..p. J, "HlHZ 

oligonucleo-tide F was isolated by ethanol precipitation and re 
dissolved into 30 „,o. The oligonucleotide ,4 5 I, "I 

treated with 1.4 M BME either at 45 for 4 h 

30 temperature for 12 hours in a 20 uL s , / °^ " 

nH s , r. "rs m a 20 ;<L solution of 20 mM Tris-HCl, 

half Of th "."' ^eprotection to remove the DNP group 

the other ha^f f" T^""^ P-cipitated with ethanol whiL 
co'dirns n"h"s! :f""""J^^ ^"^^^"^^ 
3S olig leotide . was treated idrtica-™v7as 

TO recover the deprotected oligonucleotides by ethanoi 
precipitation. „.3.« «ao.c, p„ s.s ,100 , '^^1 
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nanopure water (10 mL) were added to the reaction mixture (10 
/iL) to provide a final volume of 121 /xL. Absolute ethanol (300 
/xL) was added and the mixture was cooled at -80**C. The 
oligonucleotides were pelleted by centrifuging at 14000 rpm for 
5 2 0 min. The supernatant was removed and the pellet was washed 
with cold 95% (v/v) ethanol. The mixture was chilled for 20 
min. in a dry ice/ethanol bath and spun at 14000 rpm for 20 min. 
Following the removal of the supernatant fraction, the recovered 
oligonucleotides were dissolved into 20 /xL of nanopure water. 

10 Mixtures of oligo-nucleotides (4.5 ML), 100 mM DTT (0.5 /xL) and 
buffer E (5 juL) were prepared and analyzed by electrophoresis on 
a 25% polyacrylamide-7 M urea gel (acrylamide/methylene 
bisacrylamide = 19/1) (Figure 3B) . 

Alkylation of the deprotected thiol moiety was accomplished 

15 by the addition of 15 /xL of 20 mM Tris-HCl (pH 4.8) to 10 /xL of 
the deprotection reaction (pH 8.2). Following this addition, 
the pH of the alkylation reaction was 7 (as judged by pH paper) . 
One microliter of lOmM 5-IAF in DMF was added and the reaction 
mixture was maintained at room temperature overnight. The 

20 oligonucleotides were recovered by ethanol precipitation and re- 
dissolved into 2 0 fjLh nanopure water. The alkylated 
oligonucleotides (4.5 fxh) were mixed with 100 mM DTT (0.5 /xL) 
and buffer E (5 /xL) and analyzed by electrophoresis on a 25% 
polyacrylamide-7M urea gel (acrylamide/methylene bisacrylamide 

25 = 19/1) (Figure 3B) . 

DNA Synthesis via PGR using a DNP-modified oligonucleotide. 

PGR reactions were performed on a Perkin Elmer Getus Gene 
Amp PGR System 9600. The DNA fragment containing the 
bacteriophage lambda PR' promoter, 6S gene, and tR' terminator, 

30 with the lambda gut site (Yang et al., 1987) was amplified from 
plasmid pHAlOO (Zhang & Hanna , 1995) using^ either 
oligonucleotide E or F and the universal T7 primer (Stratagene) . 
The DNA product was purified by excision of the band from an 
agarose gel and extraction of the DNA using the commercially 

35 available GENEGLEAN kit (BIO 101 Inc., La Jolla, CA) . The PGR 
products were dissolved into equal volumes of buffer F and 
analyzed by electrophoresis on a 1.5% agarose gel. Detection of 
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DNA was achieved by addition of ethidium bromide to the 
electrophoresis buffer. (Figure 4A) . 

Immunodetection of DNP-labeled DNA. 

Dot blot experiments were performed manually. The DNP-labeled 
5 PGR product and the corresponding unlabeled DNA fragment (i 
pmole each) were in lOX SSC solution (1.5 M NaCl, o 15 M 
Na3Citrate, pH7) . Samples (13 nL) were applied to a pre-wetted 
charged nylon membrane (Zeta Probe GT; Biorad) . The membranes 
were air dried, rinsed briefly with 2X SSC and heated at SQoc 
10 under vacuum for 3 0 min. The membranes were blocked by 
overnight incubation at 4-0 in TBS-T (20 mM Tris HCl, 500 mM 
NaCl, 0.4% (v/v) Tween 20, pH 7.6) containing io% (w/v) dried 
milk. The membranes were then washed with TBS-T two times 
briefly, one time for 15 min., and two times for 5 min. The 
15 membranes were incubated with a 1:1500 dilution of anti-DNP 
antibodies for 1 hour, washed as described above and then 
incubated with a 1:10,000 dilution of horseradish peroxidase- 
linked whole anti-rabbit Ig for i hour. Membranes were then 
washed one time for 15 min. and 4 times for 5 min. with TBS-T. 
Detection of the antibodies was carried out using the ELC 
chemiluminescence method (Amersham) . The membranes were 
incubated with the detection agents for 1 min. before exposure 
to x-ray film for 2 min. (Figure 4B) . 
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RESULTS 

The synthesis and characterization of a novel deoxyuridine 
phosphoramidite (Compound 7) containing a protected thiol group 
at the 5 position of the mercaptopyrimidine ring is described 
(Figure l) . This DNP-labeled analog was site-specifically 
incorporated internally into a series of oligonucleotides 
Significant differences in overall synthetic yields were not 
observed between oligonucleotides made with normal 
deoxynucleoside phosphoramidites and those which contained the 
analog, indicating that the modified phosphoramidite is a 
suitable reagent for automated oligonucleotide synthesis. 
35 Enzymatic digestion of the DNP-labeled oligonucleotide 
established the stability of the modified pyrimidine to the 
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conditions for chemical synthesis and purification of 
oligonucleotides (Figure 2B) . Selective deprotection of the 5- 
thiol moiety with BME and subsequent modification of the 
unmasked thiol with 5-IAF were verified by gel electrophoresis 
5 of the oligonucleotides (Figure 3B) . Incorporation of the DNP- 
labeled oligonucleotide into double-stranded DNA was achieved 
using PGR, Isolation and characterization of the PGR products 
included gel electrophoresis and immunodetection with anti-DNP 
antibodies (Figure 4A and B) . 

10 Synthesis. 

Synthesis of the deoxyuridine phosphoramidite analog 
(Gompound 7) was carried out following the sequence of reactions 
outlined in Figure 1. Compounds 2-7 have not been previously 
described in the literature. The method chosen for 

15 incorporation of the thiol group required thiocyanation of the 
pyrimidine ring. Initially, this reaction was performed on 
deoxyuridine and the reaction conditions utilized were similar 
to those previously described (Bradley & Hanna, 1992; Nagamachi 
et al., 1974; Torrence et al., 1968). Although literature 

20 reports indicate yields of 54% for the thiocyanation of 
deoxyuridine, this was difficult to achieve- The yield for this 
reaction varied considerably and was at times as low as 9%. A 
major side product in this reaction was isolated and identified 
by NMR and IR as 5 ' -O-acetyl-5-thiocyanatodeoxyuridine 

25 indicating that along with thiocyanation, acetylation of the 
sugar ring had occurred. 

To circumvent the problems associated with the reaction 
described above, 3 5 ' -O-diacety 1-2 ' -deoxyuridine (Compound 1) 
was utilized as the starting material. Protection of the sugar 

30 hydroxyls by acetylation prior to thiocyanation results in 
higher yields (95%) for the reaction (Nagamachi et al. , 1974). 
However, removal of the acetyl protecting groups could not be 
accomplished using standard basic conditions required for 
deesterif ication without destruction of the thiocyanato group. 

35 Therefore, a synthetic approach was developed which required 
reduction of the thiocyanato compound to the mercapto analog 
prior to removal of the acetyiL.groups (Figure 1) . Thiocyanation 
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Of the 3' 5'-o-d.a=etyl-2.-deoxyuridl„e (l, achieved 
following the literature procedure described above except that 
the crude .naterial was extracted with petroleum, ether to ren,ove 
nonpolar Impurities prior to column chromatographic 
5 purifxcaticn. The pure product was obtained in 82* yield as a 
white solid. yieia as a 

Reduction Of the thiocyanato derivative 2 to the .ercapto 
analog (Compound 3) was achieved by reaction with DTT in a 
solvent mixture of MeOH and 0.1 „ edta (pH-V.S,. This reaction 
10 xs a varxatxon of a reported procedure ,Lln et al., 19S8, for 

this mer "r ' '""""^ ' ' = ' -^"-xV-^-'^ocyanatouridine; 

this mercapto analog however was not Isolated. Purification of 
compound 3 was achieved by acidification of the reaction mixture 
followed by concentration of the mixture. The residue was 

15 extracted with CH,C1, and H,0. The presence of the acetyl groups 
insured the product was organic solvent soluble. In order to 
remove residual DTT, the organic layer was reduced and the 
residue triturated with water to crystallize the product as well 
as to dissolve residual DTT. Compound 3 was obtained as a white 

20 solid in 75% yield. wnite 

The mechanism for the reduction of the thiocyanato requires 
displacement of the cyano group by DTT. since no attempt was 
made to remove the cyanide ion before acidification of this 

25 ll^T,°" "'^ °' isolation Of compound 3 from 

25 acidification to trituration with H,0 was performed in a fume 
hood. This synthesis of Compound 3 was designed for the 
preparation of both 5-al,=yldithio and 5-alkylthio or 5- 

alkv^di'rh"""""'" ^° ^"''""^ degradation of the S- 

alkyldithio compounds by DTT, purification of Compound 3 was 
30 necessary. This is not the case with formation of 5-al,cylthio 
pyrimidines (Lin et al., i.as, and this purification step has 
been^eliminated for Compound . resulting in a slight decrease in 

The DNP protecting group has ho^r, 
•5K ^1 • , : yiuup nas been employed in 

35 Oligonucleotide synthesis as a protecting group for s- 
mercaptopurine and 6-thioguanine phosphoramidites (Xu et al 

nucleoside phosphoramldite (Crzybowski et al., 1993). These 
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Studies indicated the DNP group was stable during automated DNA 
chemical synthesis. Conversion of mercaptan 3 into the 2,4-DNP 
analog 4 was achieved by reaction with 2 , 4-dinitrof luorobenzene 
in anhydrous CH.CN with Et,N present as a catalyst (Xu et al., 
5 1992b) . The product was isolated as a yellow solid in 88% 
yield. Attachment of the thiol protecting group prior to 
removal of the acetyl moieties insured that the product was 
soluble in organic solvents, which aided in the purification of 
the material. More importantly, protection of the sulfur 
10 inhibits the oxidation of the analog to the disulfide compound, 
a potential reaction of 5-mercaptopyr imidines (Kalman & Bardos, 
1967) . 

Another method of preparing 5-arylthiol ethers of 
deoxyuridine has been previously described. Bergstrom et al. 

15 has prepared a series of alkyl and aryl mercaptodeoxyuridine 
analogs using a palladium-mediated reaction between 5- 
(chloromercuri) -2 '-deoxyuridine and the appropriate disulfide 
(Bergstrom et al., 1991). Although this method offers a simple 
route to arylthiol ether analogs it was not selected for study. 

20 Development of a more versatile intermediate such as Compound 3 
which can be easily converted into various types of analogs 
including disulfides was desired for future studies. 
Additionally, the synthetic utility of the method has not been 
fully evaluated and therefore formation of the desired 

25 dinitrophenyl analog (Compound 5) was uncertain. 

Deesterif ication of nucleosides is commonly performed under 
basic conditions using NH, or NaOMe (Kini et al., 1989; Trivedi 
& Bruns, 1989). Literature reports suggest the DNP group is 
marginally stable to nucleophiles such as NaOMe; the stability 

30 of this group being strongly dependent on the reaction 
conditions (Greene, 1981). Successful removal of the acetyl 
groups was achieved by reaction of the diacetyl analog (Compound 
4) with NaOMe in MeOH without an apparent loss or modification 
of the DNP group as judged by NMR and IR. Following the 

35 deacetylation, the diol (Compound 5) was isolated as a yellow 
solid in 81% yield. An initial attempt to deacetylate Compound 
4 under mild reductive methods was performed (Brown et al., 
1982; Soai & Ookawa, 1986). However, reaction with LiBH4 in a 
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mixture of Et^O and MeOH did not result in the formation of 
Compound 5, possibly due to the poor solubility of the starting 
material . 

Incorporation of the DMT protecting group at the 5' 
5 position of nucleosides is typically accomplished by reaction 
with DMTCl in the presence of pyridine or dimethylpyridine 
(Chaudhary & Hernandez, 1979), However, as utilization of these 
conditions with other 5-thiol modified nucleosides was not 
successful (unpublished results) , this reaction was not 

10 attempted for the synthesis of Compound 6. Conversion to the 
5'-dimethoxytrityl analog (Compound 6) was achieved by reaction 
of Compound 5 with OMT^^BF^- in the presence of DBMP in CH3CN at 
reflux. This reagent, DMT^BF',, has only recently been utilized 
in the preparation of 5' protected nucleosides (Bleasdale et 

15 al., 1990; Lakshman et al., 1992). 

The proposed mechanism for dimethoxytr ity lation with DMTCl 
and pyridine requires formation of a dimethoxytrityl pyridinium 
salt which then undergoes reaction with the 5' hydroxy 1 group 
(Chaudhary & Hernandez, 1979). Formation of the pyridinium salt 

20 is considered the limiting step. The reagent DMT"*'BF-4 serves as 
a source for the dimethoxytrityl cation. By preforming the 
cation prior to reaction, the slow step in the 
dimethoxytritylation has been eliminated and the ether should be 
more easily formed. Although Compound 6 was obtained using this 

25 reagent, the reaction was performed under reflux conditions. It 
is unclear why the reaction requires such stringent conditions 
but presumably steric hindrance plays some part. Modification 
of other bases has been reported to inhibit dimethoxytritylation 
possibly due to steric hindrance (Cosstick L Douglas, 1991) . 

30 Silica gel column chromatography was employed to isolate 

Compound 6. Due to the acidic nature of the silica gel, a small 
percentage of pyridine was added to the eluting solvent to 
prevent loss of the acid sensitive DMT group. Initially, Et^N 
was used in the solvent system; however triethy lammonium salts 

35 of Compound 6 were isolated as determined by NMR. This was not 
observed during the synthesis of the standard 5 ' - 
dimethoxytrity 1-2 ' -deoxyur idine . Switching to pyridine , a 
weaker base, in the eluting solvent system eliminated this 
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problem. A satisfactory high resolution FAB mass spectra was 
obtained for Compound 6. 

The Compound 6 was isolated as a yellow solid in yields 
ranging from 35 to 48%, making formation of the dimethoxytrityl 
5 ether the lowest yielding reaction in this synthetic sequence. 
However, approximately 20% of the starting material. Compound 5, 
was converted into the 3 5' -bis (dimethoxytrityl) analog, which 
was isolated and converted back into 4 for recycling into the 
synthesis . 

^° The final reaction in the preparation of Compound 7 is the 

incorporation of the phosphoramidite moiety at the 3' position 
of the nucleoside. This is commonly accomplished by reaction of 
the appropriately protected nucleoside with 2-cyanoethy 1-N , N- 
diisopropyl chlorophosphoramidite in the presence of the N,N- 

15 diisopropylethylamine (DIEPA) (Sinhaetal., 1984). Utilization 
of these conditions did not result in the desired product and 
starting material was re-isolated. However, a standard reaction 
with 5'-dimethoxytrityldeoxyuridine was successful. A second 
method for incorporation of the phosphoramidite moiety which 

20 utilizes the reagent 2 - cy a n o e t h y 1 -N , N , N , N ' - 
tetraisopropylphosphorodiamidite in the presence of tetrazole in 
CH,CN was evaluated (Barone et al., 1984). Unlike the basic 
reaction with DIEPA, these slightly acidic conditions provided 
the DNP-labeled phosphoramidite. Compound 7. Rp hplc analysis 

25 of Compound 7 indicated the presence of a pair of closely 
eluting peaks (11. o and 12.4 min) representative of the expected 
1:1 mixture of diastereomers. The overall purity of the sample 
was determined to be greater than 9 6% and no starting material 
was observed in the chromatogram. HPLC data was quantified 

30 using a simple area percent method. Similar results were 
observed using silica gel TLC analysis (CH^CljrMeOH: Et,N;96 : 3 : 1) . 
The phosphorous NMR spectrum showed two characteristic peaks 
associated with the diastereomeric phosphoramidites (149.12 and 
149.27 ppm) . An additional peak appeared in the NMR at 14.3 

35 ppm. Based on the chemical shift of this peak, the impurity is 
presumed to be a hydrolysis product (Scremin et al., 1994). No 
attempt was made to remove this material prior to 
oligonucleotide synthesis as it is not reactive in the 
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oligonucleotide chemistry. A high resolution FAB mass spectrum 
could not be obtained for Compound 7 due to its instability 
during analysis. This was not surprising as the standard 
deoxyuridine phosphoramidite displayed a high degree of 
5 instability during high resolution FAB MS analysis; however, a 
small molecular ion peak was identified in the spectrum- 
Evaluation of Compound 7 using low resolution mass spectroscopy 
showed a fragment (m/ 2=407) consistent with the loss of the DMT 
and the phosphoramidite moieties. As a similar fragmentation 
10 pattern was observed for the standard deoxyuridine 
phosphoramidite under these experimental conditions, the 
information supports the proposed structure. 

Syntheses and purification of oligonucleotides. 

Internal incorporation of the phosphoramidite analog, 

15 Compound 7, into series of oligonucleotides has been 
accomplished using an automated DNA synthesizer. The natural 
oligonucleotides with corresponding sequences were prepared as 
standards. The sequences for the oligonucleotides which are 
listed in Table 1 were chosen for two reasons: the 7-mer was 

20 designed for characterization purposes while the 22-mer and the 
24-mer were developed to study the DNA-protein interactions 
during transcription of the bacteriophage lambda 63 gene. The 
concentration of the phosphoramidite solution of Compound 7 was 
diluted twofold as compared to the normal phosphoramidites (dA, 

25 dG, T and dC) utilized in these DNA syntheses. This dilution 
was performed to conserve material. The coupling time for the 
reaction involving the modified phosphoramidite was increased by 
120 seconds. Under these reaction conditions, the coupling 
yield for the modified phosphoramidite was >96% which was 

30 comparable to the coupling yields of the other standard 
phosphoramidites. The average stepwise yields for all six 
oligonucleotide syntheses were determined automatically by the 
ABI synthesizer using a trityl cation assay. These yields are 
listed in Table 1. 

35 Selective removal of the exocyclic amine protecting groups 

in the presence of the DNP moiety was achieved by treatment with 
NH4OH at room temperature for 44 hours* Typically, this 
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deprotection is performed at elevated temperatures of 55 «C for 
8 hours (ABI technical bulletin #13, 1987). However, studies 
involving reaction of the DNP-labeled nucleoside 5 with cone 
NH4OH at 55°C indicated the analog was not stable to these 
5 conditions but was stable at room temperature (data not shown) . 
As successful removal of standard exocyclic amine protecting 
groups at room temperature has been reported for other 
oligonucleotides containing modified phosphoramidites , these 
conditions were utilized (Sheardy & Seeman, 1986) . Although 

10 these initial studies were performed with the standard exocyclic 
amine protecting groups, phosphoramidites containing a wide 
variety of protecting groups which can be efficiently removed 
under mild conditions are now commercially available. These 
will be investigated for compatibility with phosphoramidite 

15 Compound 7 . 

The crude oligonucleotides were purified as the DMT ethers 
by RP HPLC. Removal of the DMT group under standard acidic 
conditions did not affect the DNP moiety. Following removal of 
the DMT group, the oligonucleotides were analyzed for purity by 

20 both analytical RP HPLC and gel electrophoresis as shown in 
Figures 2A and 3A respectively. The oligonucleotides showed one 
major product in both analyses. The retention times of the DNP- 
labeled oligonucleotides were greater than the corresponding 
natural oligonucleotides in the HPLC analyses due to the 

25 lipophilic nature of the dinitropheny 1 group. The RP HPLC 
retention times for the purified oligonucleotides are listed in 
Table 1. The overall yields of the pure material which were 
calculated by dividing the optical density of pure 
oligonucleotide by the optical density of crude DMT-labeled 

30 oligonucleotides times 100% are found in Table 1 (Kuimelis & 
Nambiar, 1994). The yields for the corresponding normal and 
DNP-labeled oligonucleotides were comparable. 

Enzymatic digestion of the heptanucleotide. 

To establish that the DNP group is stable to the conditions 
35 of automated DNA synthesis, deprotection, and purification, a 
DNP-labeled oligonucleotide was enzymat ically digested into its 
corresponding nucleosides and evaluated by RP HPLC. In order to 
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Observe the single DNP-labeled nucleoside present in the 
enzymatic digest, the short chain oligonucleotide B was used for 
this analysis. The sequence chosen for this heptanucleotide did 
not contain deoxycytidine. Deoxycytidine co-elutes with 5- 
5 mercapto-deoxyuridine, a potential side product arising from the 
loss of the DNP group, in the gradient system utilized in the 
analysis. Deoxycytidine was therefore omitted from the sequence 
to eliminate uncertainty in identifying the nucleoside peaks. 
5-Mercaptodeoxyuridine was synthetically prepared in this lab by 
10 reduction of 5-thiocyanatodeoxyuridine (Nagamachi et al . , 1974). 

Initial degradation of the oligonucleotide b and the 
corresponding normal oligonucleotide A was attempted by 
concurrent digestion with snake venom phosphodiesterase (SVP) 
and CIP (Kuimelis & Nambiar, 1994). This method proved useful 
15 in the digestion of the natural oligonucleotide but did not 
appear to fully degrade the DNP-labeled material. This is 
consistent with other studies in which SVP has failed to 
function with some modified oligonucleotides and nucleotides 
(Gao et al., 1992; Hanna et al, 1989; Hanna et al., 1993). 
20 Substitution of the exonuclease SVP with an endonuclease 
Nuclease Pi resulted in complete digestion. Due to a difference 
in the pH requirements of these enzymes for activity, this 
digestion was accomplished in two consecutive enzymatic 
reactions. First, Nuclease Pi cleaved the phosphodiester bonds 
25 to provide the 5 ' -monophosphates which were then subjected to 
treatment with CIP. The resulting nucleosides were isolated and 
analyzed by RP HPLC. The results are shown in Figure 2B. 

This enzymatic degradation provided the correct ratios of 
unmodified and modified nucleotides. For oligonucleotide A, the 
ratio of dA, dG and T was 1.9:2.1:2.9. For oligonucleotide B, 
the nucleoside 5 is also expected in the reaction mixture 
providing a ratio of dA, dG, T and 5 of 1 . 9 : 2 . 1 : l . 9 : i . i , 
Chemically synthesized Compound 5 was utilized as a standard. 
Both the enzymatically obtained and the chemically obtained 
35 nucleoside Compound 5 eluted with the same retention time during 
RP HPLC analysis. In addition, these compounds provided 
identical UV spectra with absorption peaks appearing at 262 and 
334 nm. Finally, no unidentifiable peaks wera observed in the 
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HPLC chroxnatograms of the enzymatic digests and only one peak 
representing nucleoside Compound 5 appeared in the HPLC 
chromatogram monitored at 330 nm. In this analysis, absorption 
at 330 nm is associated with the presence of either the dinitro- 
5 phenylthiol ether or the 5-mercaptopyrimidine moiety. If the 
DNP-labeled analog had undergone modification during automated 
DNA synthesis, deprotect ion, or purification, extraneous peaks 
were predicted to appear in this chromatogram. 

Deprotection and alkylation of a DNP-modified oligonucleotide. 

10 Removal of the DNP moiety was accomplished by reaction of 

oligonucleotide F with 1.4 M BME in Tris buf fer pH 8 (Shaltiel, 
1967) • The reaction was performed under two different reaction 
conditions: room temperature for 12 hours and 45 °C for 4 hours. 
Oligonucleotide E was reacted under the same conditions to serve 

15 as a standard. No attempt was made to isolate the deprotected 
oligonucleotide prior to modification with 5-IAF. The pKa of 
BME is 9.6 while the pKa of 5-mercaptodeoxyur idine is 5.0 
(Bardos & Kalman, 1966) . Modification of a thiol by reaction 
with haloacetamido compounds such as 5-IAF requires formation of 

20 the thiolate anion. By lowering the pH of the reaction mixture, 
the selectivity for modification of the oligonucleotide is 
enhanced over that of BME, a potential side reaction. The 
oligonucleotide products in both the deprotection and 
modification reactions were isolated by ethanol precipitation 

25 and analyzed by electrophoresis using a 25% polyacry lamide-7 M 
urea gel. The results are shown in Figure 3B. Lanes 1 through 
4 represent reactions utilizing oligonucleotide E. No 
difference is observed in these four lanes indicating the 
natural oligonucleotide structure is stable to the conditions 

30 needed for deprotection and alkylation of the thiol. Lanes 5 
and 7 represent reactions of oligonucleotide F with BME at room 
temperature and 45**C respectively, while lanes 6 and 8 depict 
the corresponding alkylation reactions which were carried out at 
room temperature. No apparent mobility shift is observed 

35 between the natural oligonucleotide (lanes 1-4) and lanes 5 and 
7, which is consistent with our observations that a 20-mer RNA 
containing 5-SH-UTP co-migrates in this gel system with 20-mer 
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containing no analog (He et al., 1995). in contrast, a 
substantial difference is observed following modification with 
fluorescein, consistent with other reports of gel mobility 
shifts of f luorescein-labeled oligonucleotides (Clegg et al., 
1992; Mergny et al., 1994). In fact, the selection of 5-IAF for 
the alkylation experiments instead of a thiol-modif ying 
photocrossl inking reagent such as p-azidophenacyl bromide (APB) 
was due in part to the ease in which the reaction results could 
be monitored by gel electrophoresis. The conditions for 
alkylation of the oligonucleotide with 5-IAF however should 
prove useful with other haloacetyl derivatives such as APB. We 
have specifically labeled the thiol group in an RNA molecule 
containing 5-SH-UMP (He et al., 1995) with APB. We have also 
attached APB to a DNA molecule generated by PCR with a 
15 oligonucleotide containing (compound 7), after BME removal of 
the DNP group (not shown) . 

As the mobility shift associated with the DNP label is 
small (Figure 3A) , it is possible that a mixture of DNP-labeled 
and 5-mercapto-labeled oligonucleotides may appear as one band 
20 on a 25% polyacrylamide-7 M urea gel. Therefore, one can not 
determine the extend to which deprotection has occurred. 
However, the appearance of a new band in lanes 6 and 8 (Figure 
3B) with the subsequent disappearance of the band seen in lanes 
5 and 7 indicates that the oligonucleotide underwent 
25 deprotection and alkylation. Although deprotection does occur 
with time at room temperature, the reduced time required to 
deprotect at 4 5»C makes this the preferred method. 

PCR reaction using a DNP-modified oligonucleotide. 

The DNP-labeled oligonucleotide was incorporated into 
30 double stranded DNA using PGR. Plasmid pHAlOO served as the 
template for this reaction. A 492 base pair segment of this 
plasmid was amplified using the universal T7 primer and either 
oligonucleotide E or F. The products isolated from the reaction 
were analyzed on a 10% polyacrylamide-7 M urea gel (data not 
35 shown) and a 1.5% agarose gel (Figure 4A) . Differences in 
mobility were not observed between the standard PCR product and 
the DNP-labeled PCR product in these gel analyses and no 
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difference in yield was observed. 

Immunodetection of DNP*labeled oligonucleotides and DNA. 

To insure the stability of the DNP protecting group during 
the PGR reaction, the products described above were subjected to 
5 immunodetection studies using rabbit polyclonal anti-DNP 
antibodies. The natural PGR product served as a negative 
control. The DNP group was detected using a chemiluminescence 
method and only the DNP-labeled nucleic acid provided a signal 
(Figure 4B) . 

10 Example 3: Analysis of Protein-DNA Interactions 

Utilizing 5-S-DNP-dU 
Photochemical crosslinking is a powerful technique for 
characterization of both RNA-protein and DNA-protein 
interactions in nucleoprotein complexes. Photochemical 

15 crosslinking "traps" weak or transient associations which might 
not survive isolation procedures such as immunoprecipitation , 
gel filtration, or filter binding. There are a number of 
approaches which can be taken in photochemical crosslinking. 
One involves direct irradiation of a nucleoprotein complex with 

20 short wavelength ultraviolet light. This method relies upon the 
direct excitation of nucleotides or amino acids to generate 
chemically reactive species. Such nonspecific labeling can 
reveal whether a protein-nucleic acid interaction exists, but 
there are several problems associated with this approach. These 

25 include low crosslinking yields, the inability to incorporate a 
crosslinking group at a specific site in the nucleic acid, and 
degradation of some proteins during irradiation. A second 
approach involves the use of nucleotide analogs modified with 
photoreactive crosslinking groups (reviewed in M. Hanna, 1989, 

30 Methods in Enzvmoloqy ) . These groups are chemically inert in 
the absence of light but are converted to chemically reactive 
species upon irradiation. Often this can be achieved with long 
wavelength ultraviolet or visible light, resulting in less 
nicking of protein or nucleic acid. Molecular contacts can be 

35 identified at the level of specific nucleotides in nucleic acids 
and amino acids in proteins. One can therefore gain structural 
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information about Tnacromolecular complexes which cannot be 
obtained by most other biochemical approaches. 

For such mechanistic studies a variety of nucleotide 
analogs have been developed and utilized (M. Hanna 1989, Methods 
in Enzymoloqy ; Bradley and Hanna, 1992). These analogs are 
either tagged with a photoreactive crosslinking group or contain 
functional groups that can be tagged with crosslinkers after 
incorporation into DNA or RNA. These analogs can be 
incorporated into nucleic acids, either enzymatically or 
chemically, to analyze molecular interactions in protein-nucleic 
acid complexes. Upon photoactivation , analog-tagged nuecleic 
acids become covalently attached to adjacent macromolecules 
(protein, DNA, RNA) with which they have direct interactions 
Therefore, nucleic acid binding domains in complexes can be 
characterized, nucleic acid binding proteins in extracts can be 
identified, and determinants involved in these specific 
interactions can be characterized at the level of individual 
nucleotides and amino acids. This methodology allows 

mechanistic questions about the way that specific protein-DNA or 
protein-RNA interactions regulate gene expression to be asked 
Herein described are the approaches used to characterize the 
protein-DNA interactions in the E. coli transcription complex 
which forms on the bacteriophage lambda P„, promoter. 

Preparation of Site-Specif ically Modified DNA Oligonucleotides 

The method described here is used to probe for interactions 
between a specific nucleotide in DNA and a DNA-binding protein. 
In this case, interactions between a specific nucleotide on the 
non-template strand of the P,. promoter are sought. The chemical 
approach to preparation of site-specifically modified DNA 
involves incorporation of a modified nucleotide during the 
automated synthesis of an oligonucleotide. Because the 
conditions used in automated oligonucleotide synthesis are 
rather harsh, the direct incorporation of a photocrosslinking 
azide group by this method is not possible, and a means for the 
post-synthetic incorporation of the azide group is required 5- 
S-DNP-dU was incorporated into a DNA oligonucleotide as 
described herein. For analysis of protein interactions with the 
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-12 position in the nontemplate strand of the p,^, promoter, an 
oligonucleotide with the sequence 5 ' -5D-DNP-dU-AA ATT TGA CTC 
AAC GAT GGG (SEQ. ID. NO:l) was synthesized on an Applied 
Biosystems 392 DNA Synthesizer using the standard /3-cyanoethyl- 
5 protected phosphoramidite method by attaching the analog to the 
fifth substrate port. After synthesis, removal of the 
oligonucleotide from the column, and removal of the exocyclic 
amine protecting groups, the oligonucleotide was ethanol 
precipitated, dissolved in water and stored at -20«>C. 

10 Analysis of 5-s-DNP-dU Effects on Hybridization Properties of 
ODNs 

To evaluate the effect of incorporation of one or more 5- 
SDNP-dU analogs into ol igodeoxynucleotides (ODNs) on their 
hybridization properties, the ODNs shown in Table 2 were 

15 synthesized. The observed melting temperatures (T„J showed that 
incorporation of one DNP analog decreased the melting 
temperature by only l.S^c (hybrid V) , compared to the normal DNA 
hybrid (I) , and substitution with two DNP analogs caused a 
decrease of only 4.4°C (hybrid VI). Therefore, the effect of a 

20 single substitution is less than that caused by a single 
mismatch involving unmodified nucleotides (hybrids II, III and 
IV vs I) , and the effect of two modified analogs is still less 
than that of a single T-C mismatch (hybrid IV) • Mismatches of 
2 or more are commonly used for site-directed mutagenesis, which 

25 involves hybridization of the oligonucleotides to single- 
stranded DNA. Substitution with the DNP analog should therefore 
work as well, if not better. The use of ODNs containing one or 
more 5-SDNP-dU analog in assays requiring specific hybridization 
to a complementary strand is therefore quite feasible. 

30 By comparison, ol igodeoxynucleotides (30-mers) containing 

a previously described nucleobase fluorescent derivative, 5- 
Amido-(Carboxyfluorescein)-2'-deoxyuridine, caused decreases in 
melting temperature of 2°C for ODNs with one nucleobase 
substitution, S^^C for ODNs with two nucleobase substitutions, 

35 and 12 «C for ODNs containing three nucleobase substitutions 
(Jadhav et al. 1997). A more serious effect on the 

hybridization properties was observed for another previously 
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described analog, 2-thiodeoxyuracil . Placement of even a single 
2-thiodeoxyuracil analog into oligodeoxynucleotides (14-n>ers) 
caused a decrease in T,„ of 3-4»C (Kuimelis and Nambiar, 1994). 

i 
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Table 2. T,„ values for native and modified ODNs 



ODN 1 5' GAC 
(SBQ. ID. NO: 2) 



VGA 



ACG AWG GGX TAA TYC 



ODN 2 3' CTG 
(SEQ. ID. NO: 3) 



AGT 



TAG TZC CCA ATT AAG 



OHM 


1 
X 


1 


1 


1 


2 








V 


W 


X 


Y 


2 




Drop in 


I 


T 


T 


T 


T 


A 


67 . 3 


n 
u 


II 


T 


T 


T 


T 


G 


64 . 5 


2 . 6 


III 


T 


T 


T 


T 


T 


•63 . 6 


3.5 


IV 


T 


T 


T 


T 


C 


61.5 


5.6 


V 


T 


S*' 


T 


T 


A 


65.5 


1.8 


VI 


T 


5 


5 


T 


A 


62.9 


4.4 


VII 


T 


5 


T 


5 


A 


62.5 


4 . 8 


VIII 


5 


5 


T 


5 


A 


58 . 0 


9.3 



10 



15 



a - as compared to unmodified duplex (Hybrid I) 
b - 5 refers to 5-S-DNP-dU 



20 



25 



Attachment of a Crosslinlcing Group at a Specific Position in DNA 
The analog-modified oligonucleotide (lOO pmol) was 
radiolabeled with T4 polynucleotide kinase using [^"p] atp 
(Figure 5, step 1), isolated by ethanol precipitation and re- 
dissolved in water. The presence of the 5-S-DNP group on the 5' 
terminal nucleotide did not interfere with recognition and 
modification of the 5' OH group by kinase. The oligonucleotide 
was then incorporated into double-stranded DNA by either PGR 
(not shown) or by primer-extension. For primer-extension using 
a single-stranded phagemid DNA template, the oligonucleotide (20 
pmoles) was annealed to the template (1 pmol) by heating the 
mixture to 750C, cooling to 65-c and then placing the mixture on 
ice (Step 2). The oligonucleotide was then extended with a 
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thermostable DNA polymerase (AmpliTaq, Perkin-Elmer) by 
incubating for 5 minutes at room temperature and then two hours 
at 70°C. The template was ligated with T4 DNA ligase for 1 hour 
at 37 "C, and then ligated DNA was isolated by ethanol 
5 precipitation (Step 3). Before addition of a crosslinking 
group, the DNA protecting group must be removed (Step 4) . This 
was accomplished by treatment of the oligonucleotide (4.5 /xL) 
with 1.4 M /3-mercaptoethanol either at 4 5»C for 4 hours or at 
room temperature for 12 hours in 2 0 /xL 2 0 mM Tris-HCl, pH 8.2. 

10 The deprotected DNA was purified to remove the ^-mercaptoethanol 
by ethanol precipitation, and the DNA was dissolved in 20 /xL 
water. A photocross linking group was added to the DNA by 
reaction with the alkylating agent azidophenacy 1 bromide, and 
the DNA was again purified for transcription and crosslinking 

15 (Step 5) . 

Photocross linking 

For UV crosslinking, the reactions are split in half; a 
control aliquot is kept in the dark at room temperature while 
the other aliquot is irradiated at room temperature for 2 

20 minutes in a polystyrene tube 1 . 5 cm from a 302 nm light source 
(Spectroline model XX-15B, 1800 /ttW/cm- at 15 cm). After 
irradiation, DTT (to 60 mM) is added to all samples, and they 
are left in the dark for at least 5 minutes. After irradiation, 
but before protein gel electrophoresis, aliquots from the 

25 irradiated chase reactions are treated with nuclease to digest 
the DNA to a small radioactive fragment (Step 6) . The nuclease 
treatment results in digestion of the DNA to small radioactive 
fragments. This leaves a small radioactive piece of DNA on 
proteins which have been crossl inked to the DNA during 

30 irradiation. The control and irradiated samples are then 
analyzed by gel electrophoresis and autoradiography. 

Electrophoretic Analysis of Crosslinked Proteins 

For identification of crosslinked proteins, samples are 
mixed with an equal volume of 60 mM TrisCl (pH 8.0), 60 mM DTT, 
3.4% (w/v) SDS, 17% (v/v) glycerol, 0.02% (w/v) bromophenol 
blue, 0.02% (w/v) xylene cyanol, heated for 3 minutes at 94»C, 



35 
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and then analyzed on 12 cm x 0.75 cm 10% SDS/polyacrylamide gels 
with a 4% stacking gel (aery lamide/methylene bisacrylamide = 
27/1) . Proteins are electrophoretically blotted onto MSI 
NitroBind Nitrocellulose membrane (Westboro, MA) in 25 mM Tris, 
5 192 mM glycine, 20% (v/v) methanol (Figure 6A) . The membrane is 
then silver-stained in 2% (w/v) sodium citrate, 0.8% (w/v) 
ferrous sulfate, 0.1% (w/v) silver nitrate for 5 minutes and 
dried. Autoradiography of the membranes is at -80°C with 
Amersham Hyperfilm-MP and a Cronex Lightning Plus intensifying 
10 screen. 

5-S-DNP-dU can be used for site-specific modification of 
DNA at internal and terminal positions with DNA, and molecular 
probes can be placed at variable distances from the DNA 
backbone. In addition, the commercial availability of 

15 antibodies to the DNP group allows the direct use of the DNP- 
labeled oligonucleotides as immunodetection probes.'*' 

Example 4; Utility; Assay s for Diagnosis of Bladder Cancer 

Bladder Cancer strikes over 50,000 Americans every year, 
killing more than 11,000 (23). Currently used means to diagnose 

20 bladder cancer usually rely on immunocytochemistry , nuclear DNA 
content and cytology. Extensive use of highly trained labor 
that these tests consume make them fairly expensive to 
administer. In addition, while being fairly specific for the 
diagnosis of bladder cancer, these tests lack sensitivity. 

25 Furthermore, they are poor prognosticators of cancer 
progression. Tests or biopsies with better sensitivity and 
prognostic value are invasive, even more expensive and poorly 
tolerated by patients. These facts result in many patients 
being under-diagnosed or under-treated for their illnesses. 

30 An ideal test would be sensitive, specific and prognostic 

for bladder cancer, less invasive, require fewer highly skilled 
scientists to administer, better tolerated by patients and less 
costly. Such an assay would be expected to decrease mortality 
and morbidity due to this disease. Such a test would also be 

35 expected to represent a significant commercial possibility since 
it would not only replace many of the existing tests in the 
marketplace but would enable an increase in the number of tests 
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performed. 

One of the methods currently used for detection of mRNA 
levels in a cell utilizes an RNase protection assay (Hershey and 
krause, 1989) which is commercially available. in an RNase 
protection assay, a labeled RNA probe of discrete length is 
constructed that includes two domains (Figure 6) . One domain 
compliments, and therefore hybridizes to, an mRNA species whose 
abundance one wishes to detect and quantify. This domain forms 
a double stranded RNA molecule with the intended mRNA target. 
The other domain is made up of sequence that does not hybridize 
to the intended target. In an RNase protection assay, total 
cell RNA (or total cellular mRNA) is incubated with an excess of 
an RNA probe under conditions that favor specific hybridization 
of the probe with the mRNA species to be detected and 
15 quantified. After the hybridization step, the RNA is digested 
with a mixture of RNases. All single stranded RNA is hydrolyzed 
down to nucleotides or short oligonucleotides. Only double 
stranded RNA is protected from this digestion. All of the 
unhybridized probe is degraded. This includes the domains of 
20 the hybridizing probes that do not complement their targets. 

The digested RNAs are separated according to size by gel 
electrophoresis and then visualized by autoradiography. A 
positive signal is a labeled RNA molecule that is the correct 
length to be that portion of the probe that had. hybridized to 
25 the intended target. This shortened form of the original probe 
can not be created by other means. This is why false positives 
are not a technical concern. Also, with an excess of probe and 
under the appropriate hybridization conditions, nearly all of 
the intended target is hybridized to the nucleic acid probe 
30 (NAP) . This makes the intensity of the signal proportional to 
the original concentration of the target mRNA species. 

The advantages of an RNase protection assay are that it is 
quantitative, reproducible and completely free of false 
positives derived from technical difficulties. This last 
35 feature makes such an assay format appealing as a technological 
platform for diagnostic determinations of patient derived 
materials. The disadvantages of an RNase protection assay are 
that the probes are very tedious to make. They possess very 
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Short half lives because of the radioactive isotopes ('^p) used 
to produce the signal. In addition, RNA is inherently less 
stable than DNA, and some RNases can be extremely difficult to 
inactivate. 

5 The disadvantages of RNase protection are overcome by the 

envisioned NAP Nuclease Protection Assays (NAP-protection 
assays) employing the derivatizable nucleotide analogs herein. 
The NAPS can be synthesized in large quantities, carefully 
evaluated (quality control assays) , and then stored for future 
10 use. There is an economy of scale that this affords which 
overcomes the difficulty of probe construction and synthesis. 
These NAPS will utilize non-isotopic means of detection, 
permitting the NAPs to have extended shelf lives. Additionally' 
the NAPS for different target mRNAs can be modified with 
15 different reporter groups. This will permit the examination of 
the expression of several genes simultaneously. This assay can 
be modified to accept automation to reduce run times. 

Use of oligonucleotides or NAP probes which contain 
modified nucleotide analogs has been previously reported (21-23, 
20 26-29). The chemical approach to preparation of site- 
specifically modified DNA involves incorporation of a modified 
nucleotide during the automated synthesis of an oligonucleotide. 
The modified oligonucleotide can then be incorporated into 
double-stranded DNA by PCR amplification or primer extension of 
25 a single-stranded DNA. The use of various modified 

phosphoramidites as masked synthpns for preparing derivatized 
oligonucleotides at both terminal and internal sites has been 
reported (Xu, Zheng and Swann, 1992; Maurizi and Ginsburg, 
1986) . These masked synthons allow incorporation of protected 
functional groups such as amines (Nagamachi, et al. 1974), 
carboxylic acids, thiols (Goodwin and Glick, 1993) and 
thiocarbonyls. Once incorporated the analogs are deprotected 
and modified post-synthetically. Convertible nucleoside 

phosphoramidites, mononomers containing leaving groups, have 
also been used to incorporate crosslinking and photocrosslinking 
groups by post-synthetic substitution of the leaving group. 
Several companies sell reagents for the addition of molecular 
tags to either of the two ends of a nucleic acid (5' or 3'). 
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Some provide reagents which allow the incorporation of more than 
one analog at internal positions in the NAP, to allow an 
increase in the amount of signal produced by the NAP, there is 
a resultant perturbation of nucleic acid structure or decrease 
5 in hybridization function {interaction with mRNA) of the NAP. 
Since the assay is based on specific NAP hybridization, with the 
current methods available, increasing the signal in a NAP must 
be balanced against the loss of hybridization capacity. 
However, the goal is always to obtain the strongest signal 

10 possible, because this not only decreases data acquisition time, 
but increases the level of sensitivity of a given assay. This 
is clearly an important methodology, for which a commercial 
market already exists . 

Preferred versions of the nucleotide analogs contemplated 

15 herein have the following characteristics which make them 
preferable to other currently available nucleotide analogs for 
this assay: 

1. The nucleotide modification is on a position of the 
base which is not required for normal RNA„ and DNA 

20 basepairing, therefore specific hybridization is still 

possible . 

2. The reactive group added to the nucleotide is not 
normally found in DNA or mRNA (S group) , therefore 
reaction of the probe modified oligonucleotides or 

25 NAPs with thiol-react ive alkylating agents gives 

virtually thiol-specif ic modification of the NAP. 
Analogs with reactive amino groups, which are modified 
by alkylating agents targeting amines, are less 
specifically modified. This is due to the presence of 

30 exocyclic amine groups in the normal nucleotides of 

both DNA and RNA, and these can be modified by the 
alkylating reagents as well. 

3. The reactivity of the aryl thiol group on 5-SH-UTP to 
alkylating agents is considerably higher than that of 

35 alkyl thio ether derivatives (pK^=5.5 vs 8 , ) . 

4. The linker attached to the nucleotide base contains 
all single-bonds (vs alkyl or alkynyl) , thereby 
allowing free rotation of the probe in the region 
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close to the nucleic acid backbone. This is 
advantageous because the flexibility of the linker are 
allows the nucleotide analogs to adopt to different 
enzyme active sites (in DNA and RNA polymerases), 
making them generally good substrates for enzymatic 
incorporation into nucleic acids. 
5. As assessed by several functional assays, analogs 
modified through the aryl thio group of 5-S-U 
derivatives do not disturb normal RNA secondary or 
tertiary structures . 
Unlike other types of cancer, the primary tumor in bladder 
cancer sheds or exfoliates relatively large numbers of cells 
into the lumen of the bladder- These cells can be easily 
collected in urine or from bladder washes. In a void urine from 
a patient with a bladder tumor, there will be very few to about 
a million cancer cells. Bladder washes yield more cells than 
void urines. Currently, the company UroCor, Inc. and other 
firms provide services to diagnose disease. Bladder cancer 
cells collected in urine are examined for morphology, DNA 
content and for protein biomarkers as detected immunochemically . 
While these tests- are not as informative as desired, it is clear 
that cancer cells can be collected from patient urines and that 
these cells are relatively intact with respect to morphology, 
nucleic acid and protein content, and expression. RNA has not 
been directly examined in these cells, but it is reasonable to 
expect that the RNA content of these cells will also be intact 
relative to the needs of the envisioned NAP-protect ion assay. 

A NAP-protection assay can be designed to determine the 
relative abundance of mRNAs for four surrogate biomarkers of 
bladder cancer and/or its progression relative to the abundance 
of a mRNA encoding a "house keeping" gene that is not 
differentially regulated. Changes in the abundance of the 
surrogate biomarkers relative to the undif f erentially expressed 
gene will be informative in both diagnosing and evaluating the 
state of a patient's bladder cancer. In one embodiment, the 
final assay uses five probes, each specific for a different 
gene. One of the probes will hybridize to an appropriate "house 
keeping" gene. The hybridization signal from this probe will 
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act as one of the positive controls in the assay. of the 
re..aining four mRNA species, targets will be selected such that 
in cancerous cells two of the mRNAs are increased in abundance 
and two are decreased relative to nontrans formed cells, m this 
5 format, each regulatory pathway acts as an internal control for 
the other. 

The following assays can be carried out to probe for mRNA 
levels of the human autocrine motility factor receptor, which is 
differentially expressed in bladder cancer cells. The DNA 
10 sequence (SEQ. ID. NO:4) for this gene is shown in Figure 7. 

Ribonuclease NAP Protection Assay 

one ribonuclease assay is based upon the currently utilized 
radioisotopic RNase protection assay, described above. However 
the radioactively labeled nucleotide substrates are replaced b^ 
15 5.S-R-XTP nucleotides, where X is u, dU, c, or dc and R is one 
Of several different reporter groups. The NAPs for the assay 
are ssRNA, which are synthesized enzymatically utilizing a 
bacterial or phage RNA polymerase. 

in this assay, RNA NAPs can be prepared in which the RNA is 
labeled with many fluorescent, colormetric, chemiluminescent , or 
antigenic reporter groups. One such antigenic reporter group is 
the dinitrophenyl group (dnP) , and the analog for these 
experiments is proposed below. The assay is the same as the 
current method previously described, but the protected RNA 
products are detected by either monitoring fluorescent emission 
probing with antibodies, or monitoring chemi luminescence. 
this assay, final detection still requires the analysis of the 
NAP protection assay by gel electrophoretic separation of the 
products. However, the probes can be synthesized in large 
quantities and stored, so this assay still has a major advantage 
over the existing methodologies. 

Deoxyribonuolease NAP Protection Assay 

An alternative nuclease protection assay can utilize DNA 
NAPS, sx„ilarly modified with multiple reporter groups. one 
compelling reason to consider DNA NAPs is that they are both 
Chemically and biologically more stable than the comparable RNA 
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NAPS. This makes them better prospects for synthesis in large 
quantities and for long storage. Despite this inherent 
stability relative to rna, ssDNA can be easily degraded by 
single-strand specific DNases, in the manner as utilized for 
5 ssRNA digestion. In addition, with DNA NAPs, one can synthesize 
large quantities of the DNA probe by utilizing the DNA 
amplification method, PCR (polymerase chain reaction). 

1) DNA NAPs Prepared with Analog-Tagged Oligonucleotide 
Primers 

1° Already developed for use in such a DNA NAP-protection 

assay is the analog 5-DNP-dU phosphoramidite . This analog can 
be incorporated chemically into ssDNA oligonucleotides utilizing 
automated synthesis. Therefore oligonucleotide primers for the 
PCR reaction can be made which contain multiple analogs, with 

15 nearly every "T" in the oligonucleotide synthesis and isolation, 
and we have shown that it is also retained during the thermal 
cycling reaction of PCR. Therefore, one can prepare DNA NAPs 
which contain several reactive thiol groups in the 5' region of 
the NAP, and these can then be deprotected and modified with a 

20 variety of alkylating agents. One can therefore prepare probes 
for several different mRNA targets, each with a different 
reporter group, and differentially quantify the levels of each 
in one reaction. This aspect of the method becomes important 
for the progression of the assay to automation. 

25 2) DNA NAPs Prepared with Analog-Tagged Deoxynucleoside 

Triphosphates 

DNA NAPs can be synthesized by incorporating several (e.g., 
five to ten) 5-S-DNP-dUs into the 5 ' -tagged oligonucleotide, and 
then synthesizing full length DNA NAP by PCR with unmodified 
30 dNTPs, e.g., 5-S-DNP-dUTP. 

Automation of NAP Protection Assays 

Automation of either the RNA NAP Protection Assay or the 
DNA NAP Protection Assay requires that the electrophoresis step 
be eliminated. The separation of the individual protected mRNA 
3 5 species by electrophoresis is one of the more time-consuming 
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Steps of the current assay, and makes this method intractable to 
automation. In order to eliminate this step, one must devise a 
method for the detection and relative quantitation of more than 
one mRNA species in a single reaction. Currently, the best 
5 approach for this involves the use of a variety of fluorescent 
tags, each with different excitation and emission properties. 
An increasing number of alkylating reagents tagged with 
fluorescent groups such as fluorescein or rhodamine, to name 
only two of many, are now commercially available. Companies are 

10 designing fluorescent detectors which. can differentiate among 
the different signals produced by these fluorescent dyes. This 
approach is modeled upon the automated assays currently used for 
nonisotopic DNA sequencing. The final choice of fluorescent dye 
combinations used for these assays are determined empirically 

15 during the course of the first year of this grant. 
Alternatively, one can label different NAPs with different 
antigenic groups, so that RNAs could be distinguished with 
antibodies, a method already utilized in many automated assays. 

Deoxyribonuclease NAP Protection Assay 

20 For the DNA NAP assay, one can incorporate commonly used 

methods for the immobilization of DNA onto resins or microtiter 
plates. If, for example, a 96-well microtiter plate were coated 
with streptavidin, then DNA tagged at the 5' end with biotin 
could be efficiently immobilized. In this way, the DNA NAP and 

25 any RNA to which it hybridizes, could be immobilized on a solid 
matrix, while other components of the hybridization mixture 
could be washed away. 

The following approach can be followed for establishment of 
an automated DNase NAP Protection Assay . 

30 1) DNA oligonucleotides can be synthesized which are 

tagged at the 5' end with one of many groups that would allow 
immobilization of the DNA to a solid matrix (for example 
biotinylated nucleotides and streptavidin-agarose resin) . The 
DNA NAPs can be multiply-labeled by either: 

35 a) incorporating several (5-10) 5-S-DNP-dUs into the 

5 '-tagged oligonucleotide, and then synthesizing 
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b) 



full length DNA NAP by PGR with unmodified dNTPs. 
incorporating multiple (50-100) 5-S-DNP-dUs into the 
body of the DNA product produced by PGR by using 5- 
S-DNP-dUTP as a substrate. 

5 2) The 5' end-labeled, internally reporter-labeled DNA 

NAPS can be deprotected and modified with one of the reporter 
groups chosen in the studies described above. 

3) Reaction mixtures can be prepared containing multiple 
mRNA targets and one or more reporter-tagged NAPs. 

^° A^^®^ hybridization, reactions mixtures can be treated 

with nucleases specific for single-stranded nucleic acids (such 
as SI or Mung Bean Nucleases) , to produce the protected mRNA 
species . 

5) Reactions mixtures can be added to microtiter plates 
15 coated with Streptavidin (for 5'-biotin labeled DNA) or other 

materials which are specific for binding the groups commonly 
used to tag DNA probes. since the 5' end of the DNA is 
protected during the NAP-protection assay (see Fig. i) , and NAP 
which does not hybridize are degraded by nuclease, the only 
2 0 material which should bind to the solid matrix is the DNA- 
mRNA hybrid. 

6) Microtiter plates can be washed to remove 
unincorporated nucleotides, thereby removing essentially all 
background signal. 

Plates can be analyzed with a fluorescent microtiter 
plate reader to quantify the relative amounts of mRNAs produced 
for different NAPs. 
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Changes may be made in the compounds described herein or in 
the steps or the sequence of steps of the methods of synthesis 
or use of the compounds described herein without departing from 
the spirit and scope of the invention as defined in the 
5 following claims. 



BNSDOCID: <WO_9803532A1 JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 98/03532 



PCT/US97/12888 



63 

What is claimed is: 

1. A nucleotide analog of the formula; 




15 



wherein 

R, is -H, -OH, a mono, di, or triphosphate group, or 
5 -OR,; 

Rj is -H, -OH, a mono, di, or triphosphate group, a 
phosphoramidite group, a phosphorothioamidite 
group, a phosphonate group, an O-substituted 
monophosphate group, -OR,, or a solid support 
^° bonded via an O at the 2' position; 

R., is -H, -OH, a mono, di, or triphosphate group, or 
-OR,; 

R, is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
base that is not involved in Watson-Crick base 
pairing or does not disrupt normal Watson-Crick 
base pairing, said protected thiol group being 
stable under conditions of chemical nucleic acid 
synthesis and/or conditions of enyzmatic nucleic 
synthesis and being convertible to a reactive 
thiol after said synthesis. 

2. The nucleotide analog of Claim 1 wherein said base is 
selected from the group consisting of cytosine and uracil. 

3. The nucleotide analog of Claim 1 wherein said base 
compromises an additional protecting group on a reactive moiety 
of said base. 

4. The nucleotide analog of claim 3 wherein said base is 
selected from the group consisting of N^-anisoyl cytosine, N^- 
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benzoyl cytosine, N"*-isobutyry 1 cytosine and N'^-acetyl cytosine. 

5. The nucleotide analog of Claim 1 wherein said protected 
thiol group on said base is selected from the group consisting 
of thiodinitrophenyl (-SDNP) , thioalkyldinitrophenyl (-S-R,ir 
DNP) , and alkyldisulf ide (-S-S-Rm) wherein R^, is a lower alkyl. 

6. The nucleotide analog of Claim 1, wherein the 
protecting group of R, is selected from the group consisting of 
p- (dimethoxytrityl) , p- (monomethoxytrityl) , f luorenylmethy 1- 
oxycarbonyl, levuloyl and 9-phenylxanthene-9-y 1 • 

1. The nucleotide analog of Claim 1, wherein protecting 
group of R^ is selected from the group consisting of l-(2-chloro- 
4-methylpheny 1 ) -4-methoxy-4-piperidinium, 2 ' -acetal , o- 
nitrobenzyl, tert-buty Idimethyl silyl, tetrahydrof uranyl and 4- 
5 methoxytetrahydropyranyl . 

8. The nucleotide analog of Claim 1 wherein R| is -OR4 
wherein R4 is a protecting group and R^ is a phosphoramidite 
group . 

9. The nucleotide analog of Claim 8 wherein said base is 
cytosine, or uracil. 

10. The nucleotide analog of Claim 9 wherein said base 
comprises an additional protecting group on a reactive moiety of 
said base. 

11. The nucleotide analog of Claim 12 wherein said base is 
selected from the group consisting of N'*-anisoyl cytosine, N^- 
benzoyl cytosine, N'*-isobutyryl cytosine and N**-acetyl cytosine, 

12. The nucleotide analog of Claim 8 wherein said 
protected thiol group of said base is selected from the group 
consisting of thiodinitrophenyl (-SDNP) , thioalkyldinitrophenyl 
(-S-R,i,-DNP) , and alkyldisulf ide (-S-S-R,,,) wherein R^, is a lower 
alkyl. 
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13. The nucleotide analog of Claim 8 wherein the 
protecting group of R, is selected from the group consisting of 
p-(dimethoxytrityl) , p- (monomethoxytrityl) , f luorenylmethyl- 
oxycarbonyl, levuloyl, and 9-phenylxanthene-9-yl . 

14. The nucleotide analog of claim 8, wherein the 
protecting group of R, is selected from the group consisting of 

l-{2-chloro-4-methylphenyl)-4-methoxy-4-piperidinyl,2'-acetal 
o-nitrobenzyl, tert-butyldimethyl silyl, tetrahydrofuranyl and 

4-inethoxytetrahydropyranyl . 

15. The nucleotide analog of Claim 1 or 8, wherein said 
phosphoramidite of R, is represented by the formula: 

0 

/ N / ^ 

R<i is a lower alkyl, cyanoethyl or a substituted lower 
alkyl; and 

R, and R, are independently lower alkyls, or when taken 
together with the nitrogen to which they are 
attached comprise one of the groups: 



— N 




. -o .„ -O 



16. The nucleotide analog of claim 1 wherein R, is -OR, 
Wherein R, is a protecting group and R, is a phosphorothioamidite 
group . 
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17. The nucleotide analog of Claim 1 or 16, wherein said 
Rj is a phosphorothioamidite represented by the formula: 

I 

0 



wherein 



^6 



N 



'8 



Rft is a lower alkyl, cyanoethyl or a substituted lower 
alkyl; and 

R7 and Rj are independently lower alkyls, or when taken 
together with the nitrogen to which they are 
attached comprise one of the groups: 



— N 




— N 




or 



-O 



18. The nucleotide analog of Claim 1 wherein is an O- 
substituted monophosphate group selected from the group 
consisting of -2-chlorophenyl monophosphate, 0-2,5- 
dichloropheny 1 monophosphate, 0-2 , 2 , 2 -tr ichloroethy 1 
monophosphate and the N oxide of 4-methoxypyridine-2-methylene 
monophosphate . 

19. A nucleotide analog of the formula: 



wherein 




Ri is -H, -OH, a mono, di, or triphosphate group , or 
-OR4; 

Rj is a phosphoramidite group; 
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R3 is -H, -OH, a mono, di, or triphosphate group, or 
-OR4; 

R4 is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a 
10 thiodinitrophenyl group attached at the 5 

position on said pyrimidine base. 

20. The nucleotide analog of Claim 19 wherein said base is 
selected from the group consisting of N*-anisoyl cytosine, N*- 
benzoyl cytosine, N'*-isobutyryl cytosine and N'^-acetyl cytosine. 

21. The nucleotide analog of Claim 19, wherein Rj is -OR^ 
and R4 is a protecting group selected from the group consisting 
of p- (dimethoxytrityl) , p- (monomethoxytrityl) , f luorenylmethyl- 
oxycarbonyl, levuloyl, and 9-phenylxanthene-9-yl . 

22. The nucleotide analog of Claim 19 wherein said 
phosphoramidite of R2 is represented by the formula: 

I 

0 



wherein 



R^ is a lower alkyl, cyanoethyl or substituted lower 
alkyl; and 

R7 and Rg are independently lower alkyls, or when taken 
together with the nitrogen to which they are 
attached form the groups: 



— N 



23 




-o ,..-0 



The nucleotide analog of Claim 22 wherein R^ is 2- 



cyanoethyl, R7 is isopropyl and Rg is isopropyl. 
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24. The nucleotide analog of Claim 23 wherein said base is 
uridine or deoxyuridine, 

25. The nucleotide analog of Claim 24 wherein R, is -OR4 
and R4 is p- (dimethoxytrityl) . 

26. A nucleotide analog of the formula: 

R ^0 



wherein : 



R, is "H, -OH, a mono, di, or triphosphate group, or 
-OR4 ; 

5 R, is -H, -OH, a mono, di, or triphosphate group, a 

phosphoramidite group, a phosphorothioamidite 
group, a phosphonate group, an 0-substituted 
monophosphate group, -OR4, or a solid support 
bonded via an O at the 3' position; 
10 R3 is -H, -OH, a mono, di, or triphosphate group, or 

Rj is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
15 base. 



27. The nucleotide analog of Claim 26 wherein said base is 
cytosine, or uracil. 

28. The nucleotide analog of Claim 26 wherein said 
protected thiol group on said base is selected from the group 
consisting of thiodinitropheny 1 (-SDNP) , thioalky Idinitrophenyl 
(-S-R10-DNP) , S-phenylacetamidomethyl (-S-CHiNHCOCH^Ph) wherein R,o 
is a lower alkyl. 

29. The nucleotide analog of Claim 26, wherein R, is a 
monophosphate, a diphosphate, or a triphosphate. 
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30* An oligonucleotide containing the nucleotide analog of 
any one of Claims 1, 8, 16, 19, or 26. 

31. A method of producing the nucleotide analog of any one 
of Claims 1, 8, 16, 19, or 26 which comprises preparing a thiol- 
protected nucleoside or nucleotide base wherein said thiol is 
attached to the 5 position on said base; reacting said 

5 nucleoside or nucleotide base under conditions to effect 

conversion of said base to a phosphoramidite, 
phosphorothioamidite, phosphonate, O-substituted monophosphate 
or phosphate nucleotide analog and under conditions which do not 
destroy the protected thiol; and recovering said analog. 

32. A method of synthesizing a nucleic acid having an 
attached functional group which comprises incorporating a thiol- 
protected nucleotide analog of any one of Claims 1, 8, 16, 19, 
or 26 into a nucleic acid by a chemical or enzymatic method of 

5 nucleic acid synthesis; recovering said nucleic acid containing 

said analog; deprotecting the analog of said nucleic acid to 
produce a nucleic acid containing a reactive thiol group; 
treating the reactive thiol group with a thiol modifying reagent 
to thereby attach a functional group and produce said nucleic 
10 acid with an attached functional group; and recovering said 

nucleic acid with said attached functional group. 

33. The method of Claim 32 wherein said functional group 
is selected from the group consisting of a photocrosslinker , a 
crosslinker, a reporter molecule, a radioisotope, a fluorescent 
group, a spin label, chemiluminescent or an antigenic group. 

34. The method of Claim 33 wherein said photocrossl inker 
is an aryl azide. 

35. The method of Claim 33 wherein said reporter group is 
biotin, an enzyme, or a fluorescent molecule, 

36. The method of Claim 33 wherein said fluorescent group 
is fluorescein. 
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37. A method for producing a deoxyuridine analog having a 
protected thiol group on the 5 position, comprising: 

reacting a diacetyl 5-thiocyanate deoxyuridine to form 
a 5-dinitrophenylthio deoxyuridine; 
5 converting said 5-dinitrophenylthio deoxyuridine to a 

phosphoramidite, phosphorothioamidite, 
phosphonate, O-substituted monophosphate or 
phosphate nucleotide analog under conditions 
which do not destroy the 5-dinitrophenylthio 
10 group; 

and recovering said 5-dinitrophenylthio deoxyuridine 
analog . 
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laetAylphenyl ) -4 -inethoxy-4 -piper idinyl , 2 ' -acetal , o-nitrobenzyl , 
tfirt-butyldimethyl silyl, tetrahydrof uranyl and 4- 
laethoxytetraliydropyrany 1 . 

15. The nucleotide analog of claim 1 or 8, wherein said 
phosphor amidite of is represented by the formula: 

I 

0 

I 

X ^ 

is a lower alkyl, cyanoethyl or a substltutod lower 
alkyl; and 

and Rj are independently lower alJcyls, or when taken 
together with the nitrogen to which they are 
attached comprise one of the groups: 



— N 




— N 




or 



-O 



16. The nucleotide analog of Claim i wherein is -OR^ 
wherein R^ is a protecting group and R^ is a phosphorothioamidite 
group . 



-89- 
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« . Pho.phoro«hio..iaite r.pr...„t.d by tb. for»ul.: 

1 

wbenin "s 

1. a lower .Ikyi, cy.noethyl or a substituted lower 
alkyl; and 

and R„ are independently lower alJcyls, or when taken 
together with the nitrogen to which they are 
attached comprise one of the groups: 



— N 




— N 




or 



-O 



18. Tne nucleotide anelo, o* clai» i wherein i, .„ o- 
eubstitut^. monophosphate ,roup selected «ro« the ,roup oonsi.tin, 
-2-=hlorophenyl monophosphate. , 5-dichlorophenyl 

Monopho.ph.te, o-,...,.tri=hloroethyl monophosphate and the H oxide 
Of 4-»ethoxypyridin..j-methylene nonophosphate. 
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wherein 



10 




is --H, -OH, a mono, di, or triphosphate group, or 
is a phosphoramidite group; 

is -H, -OH, a mono, di/ or triphosphate group, or 

is a lower alJcyl or a protecting group; and 
B ie a modified pyrimidinc base comprising a 
thiodinitrophenyl grroup attached at the 5 position 
on said pyrimidine base. 



20. The nucleotide analog of Claim 19 wherexn said base is 
selected from the group consisting of N^-anisoyl cytosine, N*- 
benzoyl cytoBiiie, N*-isobutyryl cytosine and N*-acetyl cytosine, 

21- The nucleotide emalog of Claim 19, wherein R, is -OR^ and 
is a protecting group selected from the group consisting of p- 
( dimetiioxytrity 1 ) , p- (monomethoxytrityl ) , f luorenylmethyl- 
oxycarbonyl, levuloyl, and 9-phenylxanthene-9-yl, 
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22. The nucleotide analog of date 19 wherein said 
phosphoramldite of is repreeented by the fonaula- 

1 

0 

wherein 

is a lower alkyl, cyanoethyl or sutostituted lower 
alJcyl; and 

Rr and are independently lower aXkyls, or when taken 
together with the nitrogen to which they are 
attached form the groups: 



— N 



-O -o 



23. The nucleotide analog of Claia 22 wherein is 2- 
cyanoethyl, is isopropyl and Rg is isopropyl. 

24. The nucleotide analog or claim 23 wherein said base is 
^^idine or deoxyuridine . 

25. The nucleotide analog of claia 24 wherein R, is -OR, and 
R« is p-(diaiothoxytrityl) . 



-92- 
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26. A nucleotide analog o£ the formula: 



wherein: ^^2 

is -H/ -OH/ a mono I di, or triphosphate group, or 
-OR*; 

5 is -H/ -OH, a aono, di, or triphosphate group ^ a 

phosphoreuaidite group, a phosphorothioamidite 
group, a phosphonate group, an 0-Bubstituted 
monophosphate group, -OR^, or a solid support bonded 
via an O at the 3' position; 
10 R3 is -H, -OH, a mono, di, or triphosphate group, or 

R4 is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
15 base. 



27. The nucleotide analog of Claim 26 wherein said base is 
cytosine, or uracil. 

28. The nucleotide analog of Claim 26 wherein said protected 
thiol group on said base is selected from the group consisting of 
thiodinitrophenyl (-SDNP), thioalkyldinitrophenyl ( -S-R^q-DNP ) , S- 
phenylacetamidomethyl(-S-CH2NHCOCH2Ph) wherein is a lower alkyl. 
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29. The nucleotide analog of claia 26. wherein R, la a 
monophosphate, a diphosphate, or a triphosphate. 

30. An oligonucleotide containing the nucleotide analog of 
any one of claims l, 8, 16, 19, ©r 26. 

31. A method of producing the nucleotide analog of any one of 
Claims 1, 8, 16, 19, or 26 which comprises preparing a thiol- 
protccted nucleoside or nucleotide base wherein said thiol is 
attached to the 5 position on said base; reacting said nucleoside 
cr nucleotide base under conditions to effect conversion of said 
base to a phosphoramidite , phosphorothioamidite , phosphonate, o- 
substituted monophosphate or phosphate nucleotide analog and ulder 
conditions which do not destroy the protected thiol; and recovering 
said analog. 

32. A method of synthesizing a nucleic acid having an 
attached functional group which comprises incorporating a thiol- 
protected nucleotide analog of any one of Claims 1, 8, 16, 19, or 
26 into a nucleic acid by a chemical or enzymatic method of nucleic 
acid synthesis; recovering said nucleic acid containing said 
analog? deprotecting the analog of said nucleic acid to produce a 
nucleic acid containing a reactive thiol group; treating the 
reactive thiol group with a thiol modifying reagent to thereby 
attach a functional group and produce said nucleic acid with an 
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10 attached functional group; and recovering said nucleic acid with 
said attached functional group. 

33. The method of Claim 32 wherein said functional group is 
selected from the group consisting of a photocross linker, a 
crosslinKer, a reporter molecule, a radioisotope, a fluorescent 
group, a spin label, cheniluminescent or an antigenic group. 

34. The method of Claim 33 wherein said photocrosslinker is 
an aryl azide. 

35. The method of Claim 33 wherein said reporter group is 
biotin, an enzyme, or a fluorescent molecule. 

36 « The method of Claim 3 3 wherein said fluorescent group is 
fluorescein. 

37. A method for producing a deoxyuridine analog having a 
protected thiol group on the 5 position, comprising: 

reacting a diacetyl 5-thiocyanate deoxyuridine to form a 
5-dinitrophenylthio deoxyuridine; 
5 converting said 5-^initrophenylthio deoxyuridine to a 

phosphoramidite , phosphorothioamidite, phosphonate, 
O-substituted monophosphate or phosphate nucleotide 
analog under conditions which do not destroy the 5* 
dinitrophenylthio group; 
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analog. •nvlthlo deoxyurldine 
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5 
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s-DNP 1. Radioactive end-labeling Of s-dnp 

5-OM-dii(pN)n-OH3- oligonucleotide ^ ^. @>dl! (pN)n.OH 3' 

2. Primer annealing to 88 DMA ^ 

ot analog- ( b 
ileotlde \ f*"" 

OS-Ar-N 




3. Primer extension 

^ taggefl oligonucleotide " V /^om 



Deprotection and 
Addition of crosstinker 



5. DNA-ProteIn Crosslinklng 




O3- 6. Nuclease treatment 

9 

drib-dU'S-An 
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6 II 



RQuro 6; RIbonucieaae Protection Assay 



ds RNA.RNA (hybrldizsd)' 



ImRNA target A 

RNA probe for mRNA A 



8S RNA (not hybridized) 



^Nueiease trsBtmant 

Proteeted RNA species of predicted elza. 
charscieristlc of mRNA A 



Hatched areas indicate regions of RNA-RNA fuimelofly with the target gene 
(hybridization and double-stranded structure). Shaded areas in the RNA 
probe are not homologous to the target mRNA and therefore do not 
hybridize, leaving regions of stngie^stranded RNA. These ssRNA regions 
are susceptible to cleavage by certain nucleases. 
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BASE-PROTECTED NUCLEOTIDE ANALOGS 
WITH PROTECTED THIOL GROUPS 



STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

Not Applicable 

5 RACKGROUND OF THE INVENTION 

The present application claims the benefit of the filing 
date of U.S. Provisional Application 60/022,573, filed July 24, 
1996. 

The present invention is directed to thiol-protected 
10 pyrimidine nucleotide analogs which can be used, as one example, 
for syntheses of DNA and RNA by chemical or enzymatic methods. 
The subject analogs include reagents suitable for DNA or RNA 
synthesis via phosphoramidite, H-phosphonate or phosphotriester 
chemistry as well as reagents suitable for use by RNA and DNA 
15 polymerases, including thermostable polymerases employed by PGR 
or other nucleic acid amplification techniques. Methods of 
synthesizing the nucleotide analogs are also provided by the 
present invention. The nucleotide analogs of this invention can 
thus be incorporated into oligonucleotides or polynucleotides, 
20 deprotected, and then derivatized with a functional group. 

Oligonucleotides with a variety of modifications have 
widespread utility for many purposes, such as stabilizing 
oligonucleotides to degradation, introducing reporter groups, 
allowing site-specific delivery of therapeutics, and introducing 
25 crosslinkers. Such modifications can occur as modified 
internucleotide phosphate linkages or analogs of such linkages, 
modified sugars or modified bases. Additionally, 5'- or 3 ' -end 
conjugates of the oligonucleotides represent another class of 
modified oligonucleotides. The present invention relates to 
30 base-modified nucleotide analogs with protected thiol groups; 

these analogs are intermediates for chemical or enzymatic 
synthesis of oligonucleotides and polynucleotides. 

The synthesis of oligoribonucleotides and oligodeoxyribo- 
nucleotides (i.e. oligonucleotides) containing base-modified 
35 nucleotides at specific positions provides a powerful tool in 
the analysis of protein-nucleic acid or nucleic acid-nucleic 
acid interactions. These oligonucleotides have many other 
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potential uses, such as the si^o ^• 

therapeutics, utility as anti sxte-dxrected delivery of 

diagnostic P^o^es 'Kulle"^^^^^^^^^^ ^^^^^^ - 

nucleic acids either^^y^ic^ir utrii" "^^^"^^^ 
5 polymerases, or chemically, utili^'ina ^ 

synthesis. Reparation o/;ucroi :::Ll^^^^^^^^^^ ^"^^^^^^'^ 
synthesis utilizing, for examnl. gonucleotides by automated 

allows for incorporation of a 'road "'^^^^^^^"^^'^i^- nucleotides 
Without the restraints for s . °' nucleotide analogs 

10 the nucleotides thlt is substrate conformation of 

nucleotide analogsTont^^ZTl^^^^^^^^^ — ' 

are introduced into oligonucleotide. ^ ^^osslmking groups 

.ee„anna, 198., BmU^ iso = 383-4oV la h 

15 Method. 2,3 Chapter 3iT~ „ 

containing 4-thiothy„idine have been tides 
Photochemical crosslin.ing of proteins I 

nucleotide bases throuch th. 5'^°*^"= directly to the 

^ E... ,i7i.o:-i.r"sin:ri'?"^ ^ 

20 containing 3^(amino-propyl,-2, ..„/ i"'' ""^"""^^eotides 

and the amino .r.^ x^^^Tz:^ "'^'-'^ 

photoactive or other reoor-i-^r- fluorescent, 

thiodeoxynucleotlde suffers the V< ^ ^he former 

25 modified With a thiol .od^fying rea ' ^t T'''^ " 

base Of the nucleotide is IrJll T """"" "atson-crick 

si.i.ar analogs .eneran^^rir r Ise^l^ '""^ ^ 
nucleic acid synthesis. enzymatic 

30 aeo.y::LTnrhar atril:: " cs position of 

containing analog s-thl" """"""^ -P""-"- The thiol- 
provided a 5!:ercaptod~'"""''"^ Phosphoramidite, 
oligonucleotide f ollowTnrrer:"''"^ ""'"^ ^'^^'^ 
^ Hanna. is,.,. JZV T.Z^' ''"'''''^"'^^ <'^^^^^y 

35 variable stability during ^vnth ""i-'y displayed 

the Oligonucleotide Z ZZrlToVMT ""^"""^^ '"^ 

represent an ideal analoo fr. compound did not 

nucleotides into nude fc aoids'^r """" °' ^"""^ 

acids. The syntheses of a series of 
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phosphoramidites containing alkylthiol tethers at the 
position of deoxyuridine has been reported (Goodwin & click' 
1993) . The thiol groups in these analogs are attached to the 
ring by either a three, four, or five carbon chain. The 
5 presence of the carbon chains makes the minimal distance between 
the molecular probes and the oligonucleotide greater than that 
which can be achieved with our analog. m addition, these 
compounds represent alkyl thiol analogs which have a lower 
reactivity for modification of the thiol group than the 5- 
10 mercaptopyrimidine analog. This is due to an increase in 
acidity of 5-mercaptopyrimidines (pKa-5-5.6) over alkylthiol 
moieties (pKa-8-lO) . Phosphoramidites containing alkylthiol 
tethers at the N3 position of thymidine have also been prepared, 
but the position of this modification results in a disruption of 
15 the Watson-Crick base pairing. These analogs have been used 
mainly for preparing disulfide cross-links in DNA for studies 
involving stem loop and triple helical structures (Click, 1991; 
Coodwin et al . , 1994). 

several 5-modified deoxyuridine phosphoramidites are 
20 commercially available which contain functional groups (i.e 
carboxylic acids or alkyl amines) for post-modification 
following incorporation into the oligonucleotide. Likewise, 
alkyl thiol ethers of 5-mercaptodeoxyur idine containing 
protected carboxylic acids and alkyl amines have also been 
25 described (Bergstrom et al . , 1991). The protected functional 
groups in these analogs are not attached directly to the ring 
but are positioned at the end of carbon chains. These groups 
are not as easily modified as mercaptans: the functional groups 
formed during post-synthetic modification are limited, and an 
30 easily cleavable group is not available. Thiol-containing 
phosphoramidites for incorporating 4-thiothymidine (Clivio et 
al., 1992; Xu et al . , 1992c), 4-thiodeoxyuridine (Clivio et al . , 
1992; Coleman & Kesicki, 1994), 2-thiothymidine (Connolly 1 
Newman, 1989; Kuimelis & Nambiar, 1994), 6-thiodeoxyguanosine 
(Christopherson & Broom, 1991; Waters & Connolly, 1992; Xu et 
ai., 1992b) and 6-thioinosine (Clivio et al . , i992a) hale been 
reported. These analogs can occupy internal positions within an 
oligonucleotide and can serve as photochemical crosslinkers. 
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However, they cannot be further modified without disrupting 
Watson-Crick base pairing, and therefore, as photocrosslinking 
probes, these analogs are only useful for evaluating 
interactions which occur directly with the nucleotide base. 
5 Modification with other molecular probes (e.g., fluorescent 
tags) would also disrupt Watson-Crick base pairing. In 
addition, the deprotection of oligonucleotides containing these 
thiol-modif ied nucleotides must be carefully monitored to 
prevent conversion of these analogs to the corresponding oxygen 
10 and nitrogen derivatives. 

Described herein are nucleotide analogs which can be used 
for site-specific modification of DNA or RNA at internal and 
terminal positions within the DNA or RNA sequence, and after 
modification, for molecular probes which can be placed at 
15 variable distances from the DNA or RNA backbone. 

The present invention provides novel base-protected 
nucleotide analogs, both ribonucleotides and deoxynucleotides , 
that contain masked thiol groups on the 5 position of 
pyrimidines, which is not involved in Watson-Crick base pairing. 
20 These analogs can be incorporated into oligonucleotides via 
automated synthesis and isolated with the thiol protecting group 
intact. After removal of the thiol protecting group many types 
of functional groups, such as photocrosslinking agents, 
fluorescent tags, radioisotopes, biotin, reporter molecules, 
25 spin labels (e.g., commercially available proxyl or tempo), 
chemiluminescent , antigenic or other functional groups, can be 
site-specifically attached by utilizing thiol-modif ying 
reagents. This feature adds a level of specificity to the 
oligonucleotide modifications not present with the amino-tagged 
30 analogs previously described (Gibson et al, 1987) , and enables 
examination of molecular interactions that are not directly at 
the nucleotide base by allowing functional groups to be placed 
at varying distances from the base or helix strand. Since these 
analogs have the functional group attached via the sulfur atom, 
35 some have the further advantage of being cleavable under 
conditions which will not degrade or modify the oligonucleotide. 

SUMMARY OF THE INVENTION 
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This invention relates to pyrimidine nucleotide analogs 
which contain modified bases with protected thiol groups 
attached at a position on the base, preferably the 5 position, 
which is not involved in Watson-Crick base pairing. These 
nucleotide analogs are intermediates in chemical or enzymatic 
synthesis of DNA or RNA oligonucleotides and are therefore 
stable under conditions required for synthesis of these 
molecules. After synthesis, the protecting group on the analog 
is removable to generate a reactive thiol group. once 
generated, the thiol group can be treated with thiol modifying 
reagents to attach functional groups such as crosslinking agents 
or reporter molecules. 

In particular, the nucleotide analogs of the present 
invention have the formula.: 



15 wherein 
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R, is -H, -OH, a mono, di, or triphosphate group, or 
-OR4; 

R, IS -H, -OH, a mono, di, or triphosphate group, a 
phosphoramidite group, a phosphorothioamidite 
group, a phosphonate group, an O-substituted 
monophosphate group, -0R4, or a solid support 
bonded via an O at the 3' position; 

R, is -H, -OH, a mono, di, or triphosphate group, or 
-OR,; 

R4 is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
base that is not involved in Watson-Crick base 
pairing or does not disrupt normal Watson-Crick 
base pairing, said protected thiol group being 
stable under conditions of chemical nucleic acid 
synthesis and/or conditions of enzymatic nucleic 
synthesis and being convertible to a reactive 
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thiol (SH) after said synthesis. 
Preferred nucleotide analogs of the present invention are 
the protected phosphoramidites or 5' mono, di and triphosphates 
of modified cytosine or uridine bases for use in the chemical 
5 synthesis of DNA and RNA by the phosphoramidite method or 
enzymatic synthesis with polymerases, ligases, or other 
nucleotide polymerizing enzymes. 

In addition, the nucleotide analogs of the present 
invention include other nucleoside phosphates, containing 3', 
10 5^, or 3 ',5' monophosphates, diphosphates, or triphosphates and 
further optionally comprising 2' mono, di, or triphosphates when 
the nucleoside is a r ibonucleoside . 

Another aspect of this invention provides nucleic acids and 
oligonucleotides containing the subject nucleotide analogs 
15 having a protected thiol group on a base moiety of that nucleic 
acid or oligonucleotide, A method is also provided to 
synthesize these nucleic acids or oligonucleotides, deprotect 
the thiol group and attach a functional group to the reactive 
thiol moiety. 

20 Yet another aspect of this invention is directed to a 

method of synthesizing the subject base-protected nucleotide 
analogs . 

DESCRIPTION OF THE DRAWINGS 

Figure 1: Synthetic pathway for the DNP-labeled phosphora- 

25 midite (compound 7). Reaction conditions are as follows 
a) SCNCl,CH3CO:.H; b) DTT , MeOH , EDTA ; c) 2 , 4-dinitrof luoro- 
benzene , Et^N , CH^iCN ; d ) NaOMe , MeOH ; e ) DMT-^-BF^ , DBMP , CH3CN ; f ) 
2-cyanoethyl-A/, AT, N ' N ' - tetraisopropyl- 
phosphorodiamidite , tetrazole , CH3CN . 

30 Figure 2: A. RP HPLC chromatograms of Oligonucleotides A 

and B. The purified 7-mers were analyzed by analytic HPLC on an 
Ultrasphere ODS column, eluted with a 15 minute linear gradient 
from 5% to 20% (v/v) acetonitrile in 20 mM TEAA (pH 7.1). 
(a) Oligonucleotide A, GTA TGT A, eluted at 9.8 min. (b) DNP- 

35 labeled oligonucleotide B, GTA T*GT A, eluted at 11.6 min, where 
T represents incorporation of the DNP-analog described in Figure 
1. B.RP HPLC profile of enzymatic degradation of 
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Oligonucleotides A and B Th«» 7 

a. The 7-iners were subjected to 

enzymatic treatn^ent with Nuclease Pi and CIP. The reaction 
mixture was analyzed by analytical HPLC on an Ultrasphere ODS 
column, eluted with a linear gradient of acetonitrile in 100 mM 
TEAA (pH 7.1) from 0% to 5% (v/v, in 5 min, 5% to s% (v/v) in Ts 
mm., 6% to 50% (V/V) in 5 min and finally 50% to 80% (v/v) in 
15 mxn. (a) oligonucleotide A reaction. (b) DNP-labeled 
Olxgonucleotide B. 

Plgure 3= A.= Gel electrophoretic analysis of DHP-labeled 
olxgcnucleotides. The(»P, labeled oligonucleotides c-F (Table 
1) were analyzed by electrophoresis on a 25% polyacryla>„ide-7M 
urea gel (acrylamide/^ethylene bisacrylamide.l9 : l) . i,a„e 1- 
commercial 24-,.er .narker, CGC GGA ATT CTC ATG CAT TGC CCA (seq' 

IS rj"'' °"9onucleotide E; Lane 3: DHpl 

15 labeled 24-mer, Oligonucleotide F, Lane 4: 22-,„er 
Oligonucleotide C; Lane 5= DNP-labeled 22-„er, Oligonucleotidl 
ll^J'J- ^^^""P''°-"ic analysis of the deprotection and 

alkylatxon reactions. oligonucleotides E and F were reacted 
w.th 1.4 M BME. Half of these reactions were alkylated with 5- 
20 lAF. The treated oligonucleotides were analyzed by 

electrophoresis on a 25% polyaorylan,ide-7„ urea gel (acryla^ide/ 

methylene bisacrylamide=l9 Tar,*» i . • , 

J' ue xy.i). Lane 1: Oligonucleotide E + 1.4 

M BME at room temperature; Lane 2: Lane i reaction + 5-IAF • 

Lane 3: Oligonucleotide E + 1.4 M BME at 45«.C; Lane 4: Lane 3 

25 reaction . S-IAF; Lane 5: Oligonucleotide F . 1 . 4 M BME at room 

temperature; Lane 6: Lane 5 reaction . 5-IAF; Lane 7: 

Oligonucleotide F . 1.4 M BME at 45-0; Lane 8: Lane 7 reaction 

Figure 4: Analysis of PCR products. 
30 A. PGR products were analyzed by electrophoresis on a 1 5» 

Hind III markers, Lane 2: PCR product using oligonucleotide E 
as a primer; Lane 3: PCR product using DNP-labeled 

Oligonucleotide F as a primer. XC represents xylene cyanol and 
35 BPB represents bromophenol blue. 

B. Dot Blot immunodetection of DNP-labeled DNA PCR 
products were attached to a nylon membrane, incubated 'with a 
primary antibody to ONP and a 2- antibody linked to horseradish 
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peroxidase. Chemiluminescence was used for detection. Upper 
panel: PGR product using DNP-labeled Oligonucleotide F as a 
primer; Lower panel: PCR product using Oligonucleotide E as a 
primer. 

5 Figure 5: Protein Crosslinking to Site-Specifically 

Modified DNA 

TO analy2e the DNA-protein complexes in the transcription 
complex a deoxynucleoside phosphoramidite was incorporated site- 
specifically into a single-stranded DNA oligonucleotide via 
10 automated synthesis. In these studies, the nucleotide analog 
was modified with a masked reactive thiol group on the non- 
basepairing 5 position of deoxyuridine (5-S-DNP-dU, Figure l). 
The oligonucleotide was then radioactively labeled uniquely on 
the 5' phosphate of the nucleotide analog with polynucleotide 
15 kinase and [-y-'^-P] ATP (Step l) . The radioactively labeled, 
base-modified oligonucleotide was then annealed to a single- 
stranded DNA template (step 2) and incorporated site- 
specifically into double stranded DNA by primer extension (Step 
3). The protecting group was then removed from the double- 
stranded DNA by treatment with jS-mercaptoethanol (Step 4), and 
after removal of the BME, a functional group was added to the 
unmasked thiol group. For crosslinking, the DNA was reacted 
with azidophenacyl bromide to attach a photoreactive azide group 
(Step 4). RNA polymerase and transcription factors are then 
added to assemble a complex on the modified DNA, and the complex 
is irradiated with ultraviolet light to covalently join the DNA 
to proteins which are bound adjacent to the crosslinker (Step 
5). Lastly, the DNA-protein complex is treated with a nuclease 
which leaves 5' NMPs to digest the DNA to a small fragment (Step 
30 6). This will leave a single radioactive label on the 5' 
phosphate of the nucleotide involved in the DNA-protein 
crosslink. 



20 



25 



DETAILED DKR CRIPTION OF THF INVENTION 

The present invention relates to a series of novel 
35 nucleotide analogs which are masked synthons for use as 
intermediates in chemical or enzymatic synthesis of nucleic 
acids, including synthesis of both oligonucleotides and 
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polynucleotides. The nucleotide analogs of this invention, 
which contain a protected thiol group, can thus be incorporated 
into DNA or RNA under standard synthetic conditions without loss 
of the thiol protecting group. This stability of the thiol 
5 protecting group permits site-selective introduction into a 
nucleic acid of the nucleotide analog in a manner which 
facilitates later addition of a functional group at that site. 
Thus, the subject oligonucleotides (or polynucleo-tides) can 
contain one (or more) of the subject nucleotide analogs. 

10 Thus, functional groups which can not withstand the 

conditions for chemical nucleic acid synthesis, especially 
during automated synthesis, or which may be too bulky or 
sterically hindered for enzymatic nucleic acid synthesis can be 
readily incorporated into the final oligonucleotide (or 

15 polynucleotide) product. Such derivatized nucleic acids have 
great utility in studying protein-nucleic acid or nucleic acid- 
nucleic acid interactions, as well as the potential for 
diagnostics and delivery of therapeutics. Hence, the present 
invention permits the skilled artisan to place chemical tags 

20 such as crosslinking groups, fluorescent molecules, 
radioisotopes or other reporter molecules at specific positions 
on nucleic acid molecules for analysis of molecular mechanisms, 
for creation of diagnostic probes, for therapeutics, for 
antisense therapeutics and for many other purposes. 

25 In particular, the nucleotide analogs of the present 

invention are intermediates for the chemical synthesis of DNA 
and RNA by manual or automated techniques and are represented by 
the formula: 




wherein 

30 Ri is -H, -OH, a mono, di, or triphosphate group, or 

-OR,; 

R, is -H, -OH, a mono, di, or triphosphate group, a 
phosphoramidite group, a phosphorothioamidite 
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group, a phosphonate group, an O-substituted 
monophosphate group, -OR,, or a solid support 
bonded via an O at the 3' position; 
R, is -H, -OH, a mono, di, or triphosphate group, or 
-OR4; 

R, is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at a position on said base, 
preferably the 5 position, that is not involved 
in Watson-Crick base pairing or does not disrupt 
normal Watson-Crick base pairing, said protected 
thiol group being stable under conditions of 
chemical nucleic acid synthesis and/or conditions 
of enzymatic nucleic synthesis and being 
convertible to a reactive thiol after said 
synthesis. 

As used herein, protecting groups defined by R, are known 
to those of ordinary skill in the art and include any known 
protecting group suitable for protection of the 2', 2' or 5' 
hydroxy Is of ribose and the 3' or 5' hydroxy Is of deoxyribose 
sugars. In this regard, Greene et al. (1990) Protect jn» r,r-»„p ^ 
in Organic Synthesis , 2nd ed^, John Wiley & Sons, Inc., New 
York, NY, provides a comprehensive review of protecting groups, 
and methods of preparing the corresponding protected compounds,' 
which can be used for different reactive groups, including 
reactive hydroxy 1 groups. 

Accordingly, examples of protecting groups defined by R,, 
R^ and R, are lower alkyl, lower cyanoalkyl, lower alkanoyl,' 
aroyl, aryloxy, ary loxy-lower alkanoyl, haloaryl' 
fluorenylmethyloxy-carbonyl (FMOC) , levuloyl, 9-phenylxanthene- 
9-yl, trityl, p-monomethoxytrityl (MMTr) , p-dimethoxytrityl 
(DMTr), isopropyl, isobutyl, 2-cyanoethyl , acetyl, benzoyl 
phenoxyacotyl, halophenyl, 1- (2-chloro-4-methylphenyl) -4- 
methoxy-4 -piper idinyl , 2 ' -acetal, Q-nitrobenzyl , tert- 
35 butyldimethylsilyl (TBDMS) , tetrahydrof urany 1 , 4- 
methoxytetrahydropyranyl and related groups. 

Preferred R, protecting groups include 5 'OH protecting 
groups especially DMTr, MMTr, FMOC, levuloyl and 9- 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9e03532A1 JA> 



25 



30 



wo 9S/03532 



PCT/US97/12888 



11 

phenylxanthene-9-yl groups, and most preferably DMTr. Preferred 
Rj protecting groups include 3 'OH protecting groups, especially 
the acetyl group. Preferred R4 protecting groups include 2 'OH 
protecting groups, especially 2'-acetal, tetrahydrof uranyl , 4- 
5 methoxytetrahydropyranyl and 1- (2-chloro-4-methylphenyl) -4- 
Tnethoxy-4-piperdinyl groups, and most preferably TBDMS. 

As defined herein, solid supports include controlled pore 
glass (CPG) , polystyrene silica, cellulose, nylon, and the like. 
Preferred solid supports are CPG and polystyrene. An especially 

10 preferred solid support is CPG. 

R2 can. be taken with the oxygen atom to which it is 
attached, to form a phosphoramidite , phosphorothioamidite, a 
phosphonate, an O-subst ituted monophosphate, or any other group 
compatible with chemical ..nucleic acid synthesis, especially 

15 automated DNA or RNA synthesis. As used herein, the 

phosphoramidite and phosphorothioamidite groups have the general 
formulas I and II, respectively: 

i 4 

I ^11 
Wherein is lower alkyl, n-cyano alkyl, substituted lower 
20 alkyl, aryl, aralkyl, substituted aralkyl and the like, and 

and Rg are independently lower alkyl or when taken together with 
the nitrogen to which they are attached comprise cyclic groups 
including: 






-N _N 

/ or 

25 preferably the group of the phosphoramidite group (Formula I) 
is 2-cyanoethyl (CED) or methyl. Accordingly, the preferred 
phosphoramidites of this invention are also referred to as CED 
phosphoramidites or methyl phosphoramidites. 
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AS used herein, the term lower alkyl, when used singly or 
in combination, refers to alkyl groups containing one to six 
carbon atoms. Lower alkyl groups can be straight chain or 
branched and include such groups as methyl, ethyl, propyl, 
isoprcpyl, n-butyl, sec-butyl, isobutyl, t-butyl, pentyl,' 
isopentyl, neopentyl, hexyl and the like. The preferred alkyl 
groups contain one to four carbon atoms. 

The term aryl, when used alone or in combination, refers to 
an aromatic ring containing six to ten ring carbon atoms. The 
aryl group includes phenyl, and 1- or 2-naphthyl. The preferred 
aryl group is phenyl. 

The term aralkyl refers to aryl groups as described above 
to which substituents are attached to the aryl by an alkylene 
bridge. The most preferred aralkyl group is benzyl. 

When and R, are lower alkyl, the preferred groups are 
each isopropyl groups. 

As used herein a phosphonate group (or H-phosphonate) is 
represented by the formula: 

I 

0 
I 

0 = P— -H 
I 

and may also be provided as salts, and preferably as 
2 0 triethylammonium salts. 

As used herein, O-substituted monophosphates have the 
formula: 

I 

0 

R9— 0 — P = 0 

I 

0- 

wherein R, is lower alkyl, haloalkyl, aryl, haloaryl, or 
heteroaromatic. By haloalkyl or haloaryl is meant alkyl or aryl 
groups, respectively, which have been substituted with one or 
more halogen atoms including F, CI, Br, or I. Preferred halo 



25 
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substituents are CI and Br. Preferred R, groups include 2- 
chlorophenyl , 2 , 5-dichlorophenyl , 2 , 2 ^ 2-trichloroethyl and the 
N-oxide of 4-Tnethoxypyridine-2-methylene groups. 

Modified pyrimidine bases have a protected thiol group 
5 attached at a position on the base which is not involved with 
Watson-Crick base pairing or which does not disrupt normal 
Watson-Crick base pairing. The protected thiol groups of this 
invention are stable, i.e. not removable, under the conditions 
used for chemical synthesis of DNA or RNA, and particularly, 
10 under the conditions employed in automated DNA or RNA synthesis. 

Furthermore, the protecting group of the thiol is removable 
under conditions which do not disrupt the integrity of the 
oligonucleo-tide or polynucleotide. In other words, after a 
nucleotide analog of the present invention has been incorporated 
15 into an oligonucleotide, for example, the protected thiol group 
can be converted to a reactive thiol (SH) to which functional 
groups can subsequently be added using thiol-modif y ing reagents. 

In accordance with this invention the protected thiol 
groups include, but are not limited to, the dinitrophenyl group. 
20 As used herein, Watson-Crick base pairing refers to the hydrogen 
bonding pattern of adenine-thymine (AT) base pairs, adenine- 
uracil (AU) base pairs, or of guanine-cytosine (GC) base pairs. 
Accordingly, the preferred protected thiol position on 
pyrimidines is the 5 position on the pyrimidine (C,U) ring. 
2 5 The preferred bases of the present invention are thus 

pyrimidines such as cytosine (C) , and uracil (U) . Cytosine 
bases contain an additional reactive group, specifically an 
exocyclic amine, which must also be protected during assembly of 
the nucleotide chain via chemical synthesis. Accordingly, bases 
30 of this invention can have additional protecting groups attached 
as needed to any of the ring positions. Such protected bases 
are well known in the art and include but are not limited to, N-, 
N^-anisoyl cytosine, N'^-benzoyl cytosine, and N'^-isobutyryl 
cytosine. The N**-isobutyryl cytosine is known by the trade name 
35 FOD™ base protection (Applied Biosystems, Inc.). Use of these 
further protected bases is compatible with incorporation of the 
protected thiol groups as well as subsequent deprotection 
reactions. 
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analor that ^"^ 

f!r P"tectea analogs a= .et forth above 

for use in oh...cal synthetic methods to produce DNA and RNA 
For example such base analogs include, but are not limited to' 
pseuaocytos.ne. isopseudocytosine, 4-acetylcytosi„e. tlo'- 
methylcytos.ne. d.hydro-uracil , 2'-0-.ethyluracil. J'-O-.ethyl- 
pseudourao.l, l-.ethyl-pseudouracil, 3-n,ethylcytosine. BasL 
attached to a ribose or deoxyribose sugar in an a-anon,erL 
configuration can also be present. anomeric 

„ TJ en,bodi„ent the bases of the invention are c 

U, and N" protected C. . ' 

The compounds of the present invention also include 
nucleoside phosphates of the formula: include 



15 wherein: 

R, is^-H, -OH, a mono, di, or triphosphate group, or 
OR4 ; 

R2 is -H, -OH, a mono, di, or triphosphate group, a 
Phosphoramidite group, a phosphorothioamidite 
group, a phosphonate group, an O-substituted 
monophosphate group, -OR„ or a solid support 
bonded via an o at the 3' position 7 
is -H, -OH, a mono, di, or triphosphate group, or 

is a lower alkyl or a protecting group; and 
B IS a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
base. 

30 is alio stabT" °' protected thiol group 

IS also stable, i.e. not removable, under the conditions used 
for enzymatic synthesis of DNA or RNA. Additionally th! 
pyrimidine bases generallv rtr, n,.f , i^ionally, the 

generally do not require protection of the 
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additional reactive groups such as the exocyclic amines for 
enzymatic incorporation into DNA or RNA. Accordingly, the 
preferred bases for this class of compounds includes c and U. 

In accordance with this invention the phosphate groups of 
5 R,, R, and R., embody all the phosphorylated forms at the c,' and 
C,' positions of the sugar moiety (and c^' position when the 
sugar is ribose) and include monophosphates, diphosphates, 
triphosphates and tetraphosphates. Preferably the phosphate 
group is a triphosphate for R, . 
10 The preferred compounds of this invention include the 

phosphoramidites and 5 'triphosphates of 5-SDNP-dU, 5-SDNP-U 5- 
DNP-dC, and 5-SDNP-c. In the case of the phosphoramidites, 'the 
base moieties can contain additional protecting groups on the 
exocyclic amines. The preferred compounds also include the 
15 5 'triphosphates of 5-S-S-Et-dU, 5-S-S-Et-U, 5-S-S-Et-dC and 5-S- 
S-Et-C, 5-S-CH,-NHCOCH,Ph-dU, 5-S-CH3-NHCOCH,Ph-U, 5-S-CH,- 
NHCOCH^Ph-C, 5-S-CH3-NHCOCH,Ph-dC, 5-SCH,CH,DNP-dU, 5-SCH,CH,DNP-U, 
5-SCH,CH2DNP-dC, and 5-SCH,CH,DNP-C. 

The nucleotide analogs of the present invention can be 
20 prepared by adding a protected thiol group to the base moiety of 
the desired nucleoside. The so-modified nucleoside can then be 
phosphorylated to produce a nucleotide analog phosphate compound 
of this invention using conventional phosphorylation techniques. 
TO produce a phosphoramidite, phosphonate, phosphorothioamidite 
25 or O-substituted monophosphate of this invention, the 5'-OH or 
2' -OH groups of above-modified nucleoside are protected as 
necessary by addition of the desired protecting group by 
standard methodology. This protection step(s) is (are) followed 
by conversion to the nucleotide-analog phosphoramidite, 
3 0 phosphorothioamidite, phosphonate or O-substituted monophosphate 
by reaction of the 3 'OH of the nucleoside with the appropriate 
modifying group. Similarly, the 3'OH can be attached to a solid 
support, such as CPG, or another protecting group using 
conventional methodology available to the ordinarily skilled 
35 artisan in this field. 

For example, to prepare protected thiol-groups at the 5 
position of uridine or 2 ' -deoxyuridine , nucleosides , the sulfur 
atom must be incorporated on the base, for which the method of 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO__9803532A1JA> 



wo 9»/03532 



PCT/US97/i2888 



16 

Nagamachi et ai* (1972, J>C>S. Chem. Coyninun , rs: 1025-6) has 
been modified. An equivalent amount of potassium thiocyanate is 
dissolved into a solution of chlorine gas in glacial acetic acid 
to produce the thiocyanpgen chloride in solution. An iodometric 
titration is performed with Cl^/HOAc to determine the amount of 
Clo present. The solution can be used directly or filtered prior 
to the next step. In either case, the acetyl-protected U or dU 
is added all at once with stirring. This reaction is maintained 
with stirring at room temperature for about 1.5 hours until the 
reaction is completed. An excess of cyclohexene or other 
quenching agent is then added to quench any remaining 
thiocyanogen chloride. Quenching is complete in 15 to 60 min, 
and usually in about 30 min. After removing solvents and 
organic residue in vacuo . the remaining residue can be purified 
by silica gel chromatography with a gradient of petroleum ether 
and ethyl acetate or with other chromatographic methods. These 
acetyl-protected 5-thiocyanato dU and U nucleosides can then be 
reduced to 5-mercapto nucleosides for further der ivat ization as 
described herein to produce the nucleotide analogs of the 
present invention . 

The mono-, di-, tri or tetra phosphate compounds can be 
prepared by a similar reaction by beginning with the appropriate 
starting 5-thioprotected nucleoside. If necessary, the 2 ' -OH of 
the ribose sugar can be protected prior to the reaction using 
any of the known 2' -OH protecting groups by conventional 
techniques. 

The described synthesis and utilization of 5-thiocyanato- 
deoxyuridine phosphoramidite for placement of the sulfur 
directly on the base has been previously described (Bradley & 
Hanna, 1992). However, the synthesis of 5'-0-(4,4'- 

dimethoxy tr i ty 1 ) -5-S-(2,4-dinitrophenyl) mercapto-2'- 
deoxyuridine-3 ' -O- ( 2-cyanoethyl-W, N '-diisopropyl) 
phosphoramidite is more reproducible and the product is more 
stable than 5-thiocyanatodeoxyuridine phosphoramidite and 
represents a more desirable analog. A variety of functional 
groups can be attached to the reactive thiol. Once this 
modified nucleotide is incorporated into an oligonucleotide or 
nucleic acid, the protecting group can be removed to unmask the 
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reactive thiol, making it available for further derivitization 
with thiol-specific agents. This method has the advantage that 
an oligonucleotide tagged with this analog can be synthesized 
and stored for long periods without removal of the protecting 
5 group. When needed, an aliquot can then be deprotected and 
modified. In addition, in some cases the protecting groups are 
themselves antigenic (e.g., -dnP) and may be retained in the 
nucleic acid product for detection utilizing antibodies. 

One method used to produce one of the nucleotide analog 

10 phosphoramidites of this invention and described in detail in 
Example 1 below is shown in Fig. i. Briefly, as depicted, 5- 
SDNP-dU or 5-SDNP-u are prepared by reduction of the SCN, 
protection of the thiol as the DNP ether, and de-ester if ication 
of the sugar ring. The protected-thiol nucleoside thus formed 

15 is then reacted with the DMT^BF^", or another 5 'OH protecting 
group, in an anhydrous organic solvent in the presence of an 
organic base for 2-24 hours until the reaction is complete. The 
resulting product can be isolated by liquid chromatographic 
methods and then converted to a CED phosphoramidite by reaction 

20 with 2-cyanoethyl N, N, N', N' -tetraisopropyl phosphordiamidite 
and tetrazole under anhydrous conditions and in an inert 
atmosphere. This reaction is preferably stirred for 1 hour, 
although this time can be varied, the solvents removed in vacuo 
and the residue purified by chromatographic methods. Exposure 

25 to atmosphere is acceptable but should be minimized. This 
phosphoramidite can be stored dry under positive pressure of 
inert atmosphere (argon or nitrogen) in a tightly sealed 
container at low temperature. 

Other phosphoramidites of this invention can be prepared by 

30 reaction with the appropriate chlorophosphoroamidite . For 
example, the O-methy Iphosphoramidites can be prepared by 
reacting the 5 - S D N P - 5 ' - D M T r - d U with N,N- 
diisopropylmethylphosphonamidic chloride by conventional 
techniques. Similarly, the phosphorothioamidite, phosphonates , 

35 O-substituted monophosphate can be prepared using conventional 
techniques with commercially available reagents. As mentioned 
above to avoid unwanted side reactions, protection of the 5 'OH 
and 2 'OH groups on the sugar moiety and the exQjcv.clic amine 
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groups on the base moiety may be necessary before the final 
reaction step which produces the nucleotide analogs of this 
invention. 

In general the chemical synthetic routes to nucleotide 
5 phosphoramidites, phosphorothioamidites , phosphonates and O- 
substituted monophosphates, as well as nucleotide phosphates, 
are well known. In addition, nucleoside phosphates can be 
enzymatically synthesized. Chemical synthetic techniques for 
these compounds, as well as the common synthetic routes to 

10 prepare RNA and DNA, have been described in many sources. 
Particularly, useful references include Gait (1984) 
Oligonucleotide Synthe sis: A Practical Approach , irl Press, 
Oxford; Blackburn et al. (1990) Nucleic Acids in Chemistry anri 
Biology , IRL Press, Oxford, especially Chap. 3; chaps 13-16 of 

15 Methods in Enzymology , Vol. 154 (Wu , et al. , eds.) Academic 
Press, San Diego, CA, 1987; Chaps. 13-14 in Methods in MoleculaT- 
Biology, Vol. 4 (Walker, ed.), Humana Press, Clifton, NJ, 1988; 
and Uhlmann et aJL. (1990) Chem . Rev . 90:544-584. 

In addition to providing methods for chemical synthesis of 

20 DNA and RNA, some of these references (particularly Gait and 
Uhlmann et al. ) describe the reactions and methodology for 
adding protecting groups to 5 'OH, 3 'OH and 2 'OH groups, and 
exocyclic amine groups (N* of adenine, N"* of cytosine, of 
guanine) . These references also provide information and 

25 protocols to attach nucleotides to solid supports which 
protocols are useful for attaching the base-protected nucleotide 
analogs of this invention. 

The synthesis of 5-SDNP-dC and 5-SDNP-C can be accomplished 
by reaction of 5-Br-dC or 5-Br-C with sodium hydrogen sulfide, 

30 as described by Solan, followed by conversion into the DNP thiol 
ether, in these cases, it may be necessary to first protect the 
4 amino group of cytosine (e.g., as the iso-butoxy amide) and 
complete the remaining protection steps (5'-o-DMTr and 2'-0- 
TBDMS, if needed) before preparation of a CED phosphoramidite or 

35 conversion to the triphosphate (Sung, 1982, J. Org. Chem . 

47:3623). Alternatively, 5-S-dU or 5-S-U can be converted to 
the corresponding compounds. Several methods are available for 
this conversion of U to c, including Sung, Xu, and MacMillan. 
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The conversion of 5-SDNP-dU and 5-SDNP-U to 5 ' phosphates , 
phosphoramidites , phosphorothioamidites, phosphonates , and O- 
substituted monophosphates has been described herein above. All 
of these reaction schemes can be used to produce the 
corresponding thiol protected cytosine analogs. If necessary, 
various protecting groups for the 5 'OH, 3 'OH or 2 'OH groups as 
well as the exocyclic amines can be added in accordance with the 
methodology described herein. 

Another aspect of this invention relates to the 
oligonucleotides or polynucleotides containing the nucleotide 
analogs of this invention and a method of preparing such nucleic 
acids using the subject nucleotide analogs. Oligonucleotides 
and polynucleotides of this invention are made by standard 
methods of chemical (automated or manual) synthesis or enzymatic 
synthesis of DNA and RNA. Such methods are well known in the 
art. In chemical synthesis, the nucleotide analog of this 
invention is substituted for a particular nucleotide at the 
desired point in the synthesis. 

After incorporation of the nucleotide analog and complete 
synthesis of the oligonucleotide or polynucleotide, the thiol 
can be deprotected and reacted with any number of thiol- 
modifying reagents to attach a functional group at that point on 
the oligonucleotide or polynucleotide. Deprotection of S-DNP or 
S-S-Et can be accomplished by treatment with jS-mercaptoethanol 
or by other means of reducing sulfides. In a preferred method 
for the DNP analog, deprotection is accomplished by treating the 
oligonucleotide with 1.4M BME at 4 5«C for 4 hours or at room 
temperature overnight. 

Any variety of functional groups can then be added to the 
reactive thiols group generated by the deprotection step. Such 
functional groups include cross-linking groups, photoactive 
cross-linking groups (e.g. arylazides) , and reporter molecules 
such as radioisotopes, biotin, enzymes and fluorescent markers. 
The methods for adding functional groups are well know in the 
art. 

Yet another aspect of this invention provides a method of 
preparing the nucleotide analogs of the invention. In 
particular, this method involves preparing a thiol protected 
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nucleoside or nucleotide base wherein said thiol is attached to 
a position on said base that is not involved in Watson-Crick 
base pairing or does not disrupt normal Watson-Crick base 
pairing; reacting said nucleoside or nucleotide base under 
conditions to effect conversion of said base to a 
phosphoramidite, phosphorothioamidite, phosphonate, o- 
substituted monophosphate or phosphate nucleotide analog and 
under conditions which do not destroy the protected thiol; and 
recovering said analog. In accordance with this invention, this 
method is accomplished as described above for synthesis of the 
subject nucleotide analogs. Recovery of the analogs can be 
accomplished by HPLC, FPLC or other chromatographic separation 
techniques. 

A further aspect of this invention provides a method of 

15 synthesizing a nucleic acid with a functional group by 
incorporating a thiol protected nucleotide analog in accordance 
with this invention into a nucleic acid by a chemical or 
enzymatic method for nucleic acid synthesis; recovering the 
nucleic acid containing the analog; deprotecting the analog of 

20 that nucleic acid to produce a nucleic acid containing a 
reactive thiol group; reacting the reactive thiol group with a 
thiol-modifying reagent to thereby attach a functional group and 
produce the nucleic acid with the functional group; and 
recovering the nucleic acid with the functional group. in 

25 accordance with this invention, this method is accomplished as 
described hereinabove for synthesis of oligonucleotides and 
polynucleotides (See for example Gait or Sambrook et al) . As 
used herein, nucleic acids include oligonucleotides and 
polynucleotides. Preferably, the oligo-nucleotides range in 

30 size from about 5 to about lOO nucleotides. Polynucleotides 
range in size from 100 nucleotides to 10 kb or more. Recovery 
of the analogs can be accomplished by HPLC, FPLC, other 
chromatographic techniques, extraction, phase separation or 
precipitation . 

35 While the invention will now be described in connection 

with certain preferred embodiments in the following examples so 
that aspects thereof may be more fullv understood and 
appreciated, it is not intended to l^^tfcTt|«\li^lS«bion to these 
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particular embodiments. On the contrary, it is intended to 
cover all alternatives, modifications and equivalents as may be 
included within the scope of the invention as defined by the 
appended claims. Thus the following examples, which include 
5 preferred embodiments, will serve to illustrate the practice of 
this invention, it being understood that the particulars shown 
are by way of example and for purposes of illustrative 
discussion of preferred embodiments of the present invention 
only and are presented in the cause of providing what is 
10 believed to be the most useful and readily understood 
description of formulation procedures as well as of the 
principles and conceptual aspects of the invention. 

EXAMPLES 

Procedures 

15 Materials. Unless otherwise stated, starting materials for 

the chemical synthesis of the phosphoramidite were obtained from 
Aldrich, Sigma, Fluka or Fisher Scientific and were used without 
further purification. Anhydrous HOAc was prepared by fractional 
freezing (Nagamachi et al., 1974). Anhydrous CH^Cl, was 

20 distilled from phosphorus pentoxide. Anhydrous CH^CN was 
purchased from Cruachem. Dowex SOW x4 was purchased from 
BioRad. Analytical thin layer chromatography was performed on 
Whatman silica gel 60 plates with fluorescent indicator . Column 
chromatography was performed with silica gel 60A from American 

25 Scientific Products. Reagents for the oligonucleotide syntheses 
were obtained from Cruachem. Standard exocyclic amine 

protecting groups were used: Benzoyl for dA and dC and 
isobutyryl for dG. Solvents utilized for the reverse phase 
chromatographic purification of the oligonucleotides were of 

30 HPLC grade. The fluorescent thiol modifying agent, 5-IAF was 
purchased from Molecular Probes (Eugene, Oregon) . 

Buffers. The buffers used were as follows: buffer A, 100 
mM TEAA (pH 7.1) ; buffer B, 2 0 mM TEAA (pH 7.1) ; buffer C, 50 mM 
Tris-HCl (pH 4.9), 1 mM MgCl^, 0.1 mM ZnCU; buffer D, 50 mM 
35 Tris-HCl (pH 9.0), 1 mM MgCl,, 0 . 1 mM ZnCl,, 0 . 5 mM spermidine; 

buffer E, 7 M urea, 0.05% (w/v) xylene cyanol; buffer F, 5% 
(v/v) glycerol, 0.04% (w/v) xylene cyanol, 0.04% (w/v) 
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bromophenol blue. 

Enzymes and Antibodies. Nuclease Pi was obtained from 
Pharmacia Biotech. CIP was supplied by Promega . T4 
Polynucleotide Kinase was purchased from New England Biolabs 
5 AmpliTaq Polymerase was obtained from Perkin Elmer. Rabbit 
polyclonal anti-DNP antibody was purchased from Sigma. Anti- 
rabbit ig, horseradish peroxidase-linked whole antibody was 
obtained from Amersham. 

Analytical Methods. Melting points were determined on a 
10 Mel-Temp melting point apparatus and are uncorrected, 'h NMR and 
"P NMR spectra were recorded on a Varian XL-300 or 500 
spectrometer, respectively. Chemical shifts are reported in 
parts per million (S) relative to internal tetramethylsilane or 
to external 85% phosphoric acid. UV spectra were measured on 
15 either a LKB Biochem Ultraspec li or a Beckman DU 7500 
spectrophotometer. IR spectra were recorded with a Perkin Elmer 
710B Infrared spectrometer. FAB MS were recorded on a VG 
analytical ZAB-E spectrometer. Unless otherwise stated, all 
chemical reactions were performed under a nitrogen atmosphere. 

HPLC analyses were performed with a Beckman LC system which 
was equipped with a 126 solvent delivery module and a 168 diode 
array detector and was controlled with Beckman System Gold 
software. A reverse phase CIS column (Beckman Ultrasphere ODS, 
250 X 4.6 mm, i.d.) and guard column (Upchurch, 1 cm x 4.3 mm' 
i.d.) were utilized with both analytical and semi-preparative 
separations. Sample loops of 1 mL and 50 nL were used for semi- 
preparative and analytical analyses, respectively. All HPLC 
analyses were performed using a gradient solvent system composed 
of triethylammonium buffers and acetonitrile at a flow rate of 
1 mL/min. Unless otherwise stated, UV absorption was monitored 
at a wavelength of 2 60 nm. 

Abbreviations: DNP, 2 , 4-dinitrophenyl ; 5-IAF, 5- 

iodoacetamido-fluorescein; ciP, calf intestinal alkaline 
phosphatase; TEAA, triethylammonium acetate; tEAB 
35 triethylammonium bicarbonate; DMT, dimethoxytrityl ; RP hplc' 
reverse phase high pressure liquid chromatography; Pcr' 
polymerase chain reaction; DTT, dithiothreitol ; EDTa' 
ethylenediaminetetraacetic acid; DMTCl, dimethoxytrityl 
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Chloride; DMT'*'BF4, dimethoxytrity 1 tetraf luoroborate; BME, )3- 
mercaptoethanol; HR FAB MS, high resolution fast atom 
bombardment mass spectroscopy. 

Example 1. Preparation of S-SDNP-dU-ohosphoramidite 
5 Shown in Figure 1 and described in detail below is the 

pathway used for the synthesis of the DNP-labeled 
phosphoramidite. Compound ?• 



Synthesis of 3 ' , 5 ' -0-Diacetyl-5-thiocyanato-2 ' -deoxyuridine 
(Compound 2) . 

10 Anhydrous HOAc (150 mL) was added to a three-neck round bottom 
flask equipped with a vacuum adapter and teflon needle . Dry Cl^ 
was slowly bubbled through the teflon needle into the reaction 
vessel for a brief period. A 5 mL aliquot of the Cl,/H0Ac 
solution was removed and subjected to iodometric titration to 

15 determine the amount of Cli added (2.9 g, 41 mmol) (Flaschka et 
al., 1969). KSCN, previously dried overnight at lOO'^C, (4.4 g, 
45 mmol) was added to the reaction vessel. The reaction mixture 
was allowed to stir at room temperature for 3 0 min. prior to the 
addition of 3 5 ' -0-diacety 1-2 ' -deoxyuridine , 3 ' , 5 ' -O-Diacetyl- 

20 2 '-deoxyuridine was prepared by reaction of deoxyuridine with 
acetic anhydride in pyridine for an 82% yield: mp=106-108 <»C (Lin 
& Gao, 1983) (1.1 g, 3.5 mmol). After the mixture was stirred 
for an additional 1.5 hours, cyclohexene (10 mL) was added. The 
mixture was then stirred for 15 min. and filtered; the filtrate 

25 was concentrated under vacuum. Residual HOAc was removed azeo- 
tropically with toluene and the residue was triturated with 
petroleum ether. The petroleum ether was decanted and the 
residue subjected to column chromatographic purification 
[petroleum ether: EtOAc(2:l - 1:3)] which yielded a semi-solid. 

30 Recrystallization from EtOH:EtOAc provided Compound 2 as a white 
solid (1.05 g; 82%) :mp 154-156°C; lR{KBr) 2140cm-* (SCN stretch); 
*H NMR (CDCI3) 6 9.12(bs, IH, N^H) , 8.18 (s, IH, HJ , 6.14 (dd, 
J=7.8, 5.7 Hz, IH, H,.), 5.13 (m, IH, H^O / 4.24 (m, IH, Hy) , 4.19- 
4.15 (m, 2H, H4. and Hy) , 2.32 (ddd, J= 14.4, 5.7, 2.1 Hz, IH, 

35 H2O / 2.13-2.07 (m, 7H, 2 CH, and H^,) ; UV (MeOH) 270 nm. 
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Synthesis of 3 ' , 5 ' -o-Diacetyl-5-mercapto-2 ' -deoxyuridine, 
(Compound 3) • 

This reaction should be performed in a fume hood. EDTA (25 mL; 
0.1 M, pH 7.7) and DTT (293 mg, 1.90 mmol) were added to a 
5 solution of thiocyanate 2 (207 mg, 0.561 mmol) in MeOH (30 mL) . 
The reaction mixture was allowed to stir at room temperature for 
3 5 min. and was then filtered. The filtrate was reduced to half 
by rotary evaporation, made acidic with 10% (v/v) H2SO4 and 
extracted with CHjClj. The CH2CI2 extract was concentrated under 

10 reduced pressure and the residue was triturated with H2O to 
provide Compound 3 as a white solid (148 mg; 77%) . TLC analysis 
showed a yellow spot upon development with 2 , 2 ' -dithiobis (5- 
nitropyridine) (Grassetti & Murray, 1969): mp=159-163 «C; IR(KBr) 
2530 cm'* (SH stretch); 'H NMR (CDCI3) 6 8.70 (bs, IH, N3H) , 7.67 

15 (s, IH, H J , 6.30 (dd, J=B . 2 , 5.8 Hz, IH, H,.) , 5.22 (m, IH, Hy) , 

4.43-4.25 (m, 3H, H4/ and H5O , 3.60 (s, IH, SH) , 2.50 (ddd, 
j=14.4/ 5.8, 2.2 H2, IH, H^.) , 2.21-2.10 (m, 7H, 2 CH3 and Hy) ; UV 
(0.1 M EDTA w/DTT, pH 7.76) 260, 334 nm. (The broad melting 
point range may indicate the presence of 5 , 5"-dithiobis (3 ' , 5 ' - 

20 diacetyldeoxyuridine) . On the average, 7% disulfide analog was 
present in the sample as determined by UV absorbance (Xmax 335 
nm) in the presence and absence of DTT (Bardos & Kalman, 1966)). 

Synthesis of 3 ' ^ 5 ' -O-Diacetyl-5-S- (2 ^ 4-dinitrophenyl)mercapto- 
2 '-deoxyuridine, (Compound 4). 

25 2 , 4-Dinitrof luorobenzene (57 mg, 0.31 mmol) and EtaN (200 /zL) 
were added to a solution of mercaptan 3 (86 mg, 0.25 mmol) in 
anhydrous CH^CN (10 mL) . The reaction mixture was allowed to 
stir at room temperature for 1.5 hours before the solvent was 
removed by rotary evaporation. The crude material was purified 

3 0 using column chromatography [Hexanes: EtOAc(4:l to 1:1)]. The 
product was obtained as a yellow solid (113 mg, 89%): IR(KBr) 
1530, 1340 cm-* (NO2 stretch); *H NMR (CDCI3) S 9.14 (d,J=2.4 Hz, 
IH, H3 of DNP) , 8.40 (bs, IH, N3H) , 8.31 (dd, J=9 • 1 , 2.5 Hz , IH, 
H5, of DNP), 8.23 (s, IH, He), 7.33 (d,J=9 Hz, IH , He of DNP), 

35 6.32 (dd, J=7.8, 5.7 Hz, IH, HI') / 5.25, (m, IH, H3.) . 4.44-4.25 

(m, 3H, H4, and Hy) , 2.55 (m, IH, H^) , 2.27 (m, IH, Hj.) / 2.13 (s, 
3H, CH3) , 2.10 (s, 3H, CH3) ; UV (MeOH) 264, 323 nm. 
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synthesis of 5-s- (2 , 4-Dinitrophenyl) mercapto-2 ' -deoxyuridine, 
(Compound 5) . 

NaOMe (25% solution in MeOH; 82 ^L; 0.36 mmol) was added to a 
solution of compound 4 (92 mg, 0.18 mmol) in anhydrous MeOH (6 
mL) and the reaction mixture was maintained at room temperature. 
After 2 hours, the mixture was treated with Dowex SOW x4 and 
filtered. The filtrate was reduced by rotary evaporation. The 
product was obtained as a yellow solid following column 
chromatographic purification of the reaction mixture (EtOAc: 
petroleum ether (1:4 to 1:0)] (62 mg; 81%) : iR(KBr) 1530, 1340 
cm-' (NOj stretch) ; 'H NMR (Cd,OD) * 9 . 08 (d , J = 2 . 4 Hz , IH ,' H, of 
DNP), 8.85 (s, IH, HJ, 8.39 (dd, J = 9, 2.4 Hz , IH, H, of DNP) , 
7.64 (d, J = 9 H2, IH, H, of DNP), 6.33 (t, J = 6,3 Hz, IH, H,,) ,' 
4.45 (m, IH, Hv), 4.00 (m, IH, H,.) , 3.84 (dd, J - 12 , 3 Hz, IH, 
H„) , 3.75 (dd, J = 12, 3 Hz, IH, H,,) , 2.50-2.33 (m, 2H, H,.) ; UV 
(0.1 M TEAA, pH 7.1 with 57% CH,CN) 262, 334 nm. 



synthesis of 5 ' - o - D i m e t h o x y t r i t y 1 - 5 - s - ( 2 , 4 - 
dinitrophenyl)mercapto-2'-deoxyuridine (Compound 6). 
Anhydrous CH^CN (6 mL) was added to a mixture of compound 5 (42 
20 mg, 0.10 mmol), DMT*BF,(57 mg, 0.14 mmol) and 2 , 6-di-tert-butyl- 
4-methylpyridine (DBMP) (35 mg, 0.18 mmol). The resulting red 
solution was heated to reflux. After 1.5 hours, a second 
portion of DMT*BFj- (26 mg, 0.064 mmol) and DBMP (13 mg, 0.067 
mmol) was added and the reaction mixture was maintained at 
25 reflux for an additional 8 hours. The CH,CN was removed by 
rotary evaporation. CHjCl, and 5% aq. NaHCO, were added to the 
residue. The mixture was stirred briefly and the resulting two 
layers separated. The NaHCO, layer was re-extracted twice with 
additional CH,C1,. The organic layers were combined, dried 
30 (Na,SO,) and reduced. The product was purified using column 
chromatography [CH^Cl^: MeOH: pyridine (99.5:0:0.5 to 98.5:2:0.5)) 
(27 mg: 37%); 'H NMR (CDCl,) S 9.02 (d, J = 2.1 Hz, IH, H, of 
DNP), 8.46 (s, IH, HJ, 8.07 (dd, J = 9, 2.4 Hz, IH , H, of DNP), 
7.35-7.09 (m, lOH, H6 of DNP and Ar) , 6.75-6.64 (m, 4H, Ar) ] 
6.41 (dd, J = 9, 2.4 Hz, IH, H„) , 4.70 (m, IH, H,.) , 4.'l6 (m, IH,' 
HJ, 3.73 (2s, 6H, 2CH,) , 3.38 (d, J = 7.5 Hz, 2H, H,.) , 2.64 (m, 
IH, Hv), 2.44 (m, IH, H,.) ; UV (0.1 M TEAA, pH 7 . 1 with 82% CH.CN) 
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264, 324 nm; HR FAB MS calculated for C3(sH32N40,,S (M) **"728 . 1788 
found 728.1802 (1.9 ppm) . (Synthesized by the method of 
Bleasdale et al. (Bleasdale et al . , 1990)). 

Synthesis of 5 ' -0- (4 , 4 ' -dimethoxytrityl) -5-S- (2 , 4-dinitrophenyl) 
5 mercapto-2 ' -deoxyuridine-3 '-o- (2-cyanoethyl-N/N' -diisopropyl) 
phosphoramidite (Compound 7) • 

Compound 6 (13 mg, 18 jiimol) was dried under vacuum in the 
reaction vessel. Anhydrous CH^CN (0.3 mL) was added and the 
reaction vessel was transferred to an atmosphere bag filled with 

10 dry N,. A mixture of 2-cyanoethyl-N,N,N'N' -tetraisopropyl- 
phosphorodiamidite (5.5 /iL, 17 /xmol) and tetrazole (1.3 mg, 18 
jixmol) in anhydrous CH^CN (50 mL) was added. The reaction mixture 
was maintained at room temperature for 30 min. An additional 
mixture of 2-cyanoethyl-N,N,N'N'- 

15 tetraisopropylphosphorodiamidite (2.3 jxl,, 7.2 /xmol) and 
tetrazole (0.6 mg, 8.3 /xniol) in anhydrous CH^CN (25 /xL) was added 
and the reaction mixture was stirred for 30 min. CH2CI2 (20 mL) 
and 5% (w/v) aq. NaHCO, (15 mL) were added to the mixture; the 
organic layer was removed and re-extracted with water, dried 

20 (Na2S04) and evaporated. The residue was subjected to column 
chromatographic purification [ CH2CI2: MeOH : pyridine ( 99 . 5 : 0 : 0 . 5 to 
98.5:1.0:0.5)] to obtain Compound 7 (8.6 mg, 52%). The yellow 
product was analyzed by analytical RP HPLC using a gradient of 
buffer A and acetonitrile [70% (v/v) CH3CN to 80% in 3 min.; 80% 

25 CH3CN to 100% in 15 min.]. UV absorption was monitored at 
wavelengths of 254 and 330 nm. The diastereomers eluted at 
11.09 and 12.49 min. UV scans of the diastereomers showed 
absorption peaks at 264 and 327 nm. Phosphorus NMR indicated 
the presence of two diastereomers [^*P NMR (CDCI3) 6 149.12, 

30 149. 27 ppm] . 

Example 2. Automated Synthesis of an Oligonucleotide 

Containing 5-SDNP-dU 
synthesis and Purification of Oligonucleotides* 

Oligonucleotides were synthesized on an Applied Biosystems 
35 392 DNA Synthesizer using the standard jS-cyanoethyl-protected 
phosphoramidite method. A series of three modified oligonucleo- 
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tides were prepared on a 40 nmole scale using a Trityl On 
method. The thiol-protected analog. Compound 7, was manually 
dissolved into anhydrous acetonitrile at a concentration of 
0.02 7 M and the solution was attached to the spare port on the 
DNA synthesizer. As the concentration of Compound 7 was lower 
than the concentration of the commercial phosphoramidi'tes used 
in these syntheses (0.05 M) , the coupling time for the modified 
analog was increased by 120 seconds. Syntheses of the 
corresponding unmodified oligonucleo-tides were also performed. 
The sequences of the oligonucleotides are shown in Table 1. 

The oligonucleotides were removed from the column by 
treatment with concentrated NH,OH(l mL) . Deprotection of the 
exocyclic amines was then accomplished by treatment of the 
oligonucleotides with an additional 1 mL of fresh concentrated 
15 NH4OH at room temperature for 44 hours. The NH4OH solution was 
concentrated using a Savant Speed Vac without heat. Small 
portions of Et,N were periodically added to the concentrating 
solution to maintain a basic pH. The crude oligonucleotides 
were re-dissolved in 10 mM TEAB (pH 7.1) and purified as the DMT 
20 ethers using semi-preparative RP HPLC. Two different gradients 
of buffer B and acetonitrile were utilized. The shorter 
oligonucleotides (7 and 22 nucleotides) were purified with an 
elution gradient of CH,CN from 5% (v/v) to 30% in 15 min. then 
30% to 100% in 5 min. The 24-mer oligonucleotides were purified 
25 with an elution gradient of CH,CN from 5% to 30% in 18 min. then 
30% to 100% in 5 min. The appropriate fractions were evaporated 
to dryness using a Jouan Concentrator without heat. Following 
purification of the oligonucleotides, the DMT group was removed 
by treatment with 80% (v/v) HOAc (200 /xL) at room temperature 
30 for 20 min. The oligonucleotides were ethanol precipitated arid 
re-dissolved into 300 nL of nanopure water and stored at -20»c. 
The purity of the oligonucleotides was analyzed by analytical RP 
HPLC (Figure 2A, Oligonucleotides A and B shown) . Elution of 
the oligonucleotides was performed using a linear gradient of 
35 CH3CN (5 to 20% in 15 min.) with buffer B. The purified 
oligonucleotides were also analyzed by 25% polyacrylamide-7 M 
urea gel (acrylamide/methy lene bisacrylamide = 19/ 1) (Figure 3A, 
Oligonucleotides C-F shown) . 
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Enzymatic Digestion with Nuclease Pi and CIP. 

oligonucleotides A and B were subjected to enzymatic digestion. 
The pure oligonucleotides were incubated with Nuclease Pi (2 U) 
at 37 "c for 6 hours in a total volume of 50 of buffer c 
5 Five microliters of lOX buffer D and 43 of H,0 were added to 
the reaction. CIP (2 U) was added and the pH of the reaction 
was adjusted with 5% (v/v) NaOH (0.8 mL) . The reaction mixture 
was incubated overnight at 37oc. To recover the nucleosides ii 
ML of 3 M NaOAC, pH 5.3 and 250 mL of absolute EtOH were added 
10 to the reaction mixture. The mixture was stored at -80 for 4 
hours and then centrifuged at 14000 rpm for 20 min. The 
supernatant fraction was removed and concentrated. The 
resulting residue was re-dissolved into 35 mL of buffer A and 
analyzed by analytical RP hplc (Figure 2B) . The elution 
gradient consisted of buffer A with an increasing concentration 
of CH,CN (0% to 5% in 5 min., 5% to 6% in 15 min., 6% to 50% in 
5 min. and finally 50% to 80% in 15 min.). The uv absorption 
was monitored at 260 and 330 nm. Commercial nucleosides and 
monophosphates of dA, dc, dG and T were utilized as standards, 
synthetic 5-S- (2, 4-dinitrophenyl) mercaptodeoxyuridine (Compound 
5) was also utilized as a standard. An enzymatic digestion 
without oligonucleotide was performed to identify background 
peaks arising from the buffer and enzymes. 



15 



2 0 



25 



30 



35 



Deprotection and alkylation of a DNP-modified oligonucleotide. 

Oligonucleotide F (100 pmol) was radiolabeled by reaction 
with T4 Polynucleotide Kinase using t7-"P]ATP. The labeled 
oligonucleo-tide F was isolated by ethanol precipitation and re- 
dissolved into 30 ML H,0. The oligonucleotide (4.5 mL) was 
treated with 1.4 M BME either at 45 "C for 4 hours or at room 
temperature for 12 hours in a 20 mL solution of 20 mM Tris-HCl, 
PH 8.2. Following this deprotection to remove the DNP group! 
half of the reaction mixture was precipitated with ethanol while 
the other half of the mixture was subjected to alkylation 
conditions with 5-lAF. The corresponding unmodified 

oligonucleotide E was treated identically to serve as a control. 

To recover the deprotected oligonucleotides by ethanol 
precipitation, 0.36M NaOAc, pH 5.6 (loo mL) , IM MgCl3(i.2 /xL) and 
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nanopure water (10 /xL) were added to the reaction mixture (10 
tih) to provide a final volume of 121 mL. Absolute ethanol (300 
/xL) was added and the mixture was cooled at -80''C. The 
oligonucleotides were pelleted by centrifuging at 14000 rpm for 
5 2 0 min. The supernatant was removed and the pellet was washed 
with cold 95% (v/v) ethanol. The mixture was chilled for 20 
min. in a dry ice/ethanol bath and spun at 14000 rpm for 20 min. 
Following the removal of the supernatant fraction, the recovered 
oligonucleotides were dissolved into 20 /xL of nanopure water. 

10 Mixtures of oligo-nucleotides (4.5 mL) , 100 mM DTT (0.5 /lzL) and 
buffer E (5 ML) were prepared and analyzed by electrophoresis on 
a 25% polyacrylamide-7 M urea gel (acrylamide/methylene 
bisacrylamide = 19/1) (Figure 3B) . 

Alkylation of the deprotected thiol moiety was accomplished 

15 by the addition of 15 /xL of 20 mM Tris-HCl (pH 4.8) to 10 of 
the deprotection reaction (pH 8.2). Following this addition, 
the pH of the alkylation reaction was 7 (as judged by pH paper) . 
One microliter of lOmM 5-IAF in DMF was added and the reaction 
mixture was maintained at room temperature overnight. The 

20 oligonucleotides were recovered by ethanol precipitation and re- 
dissolved into 20 ML nanopure water. The alkylated 
oligonucleotides (4.5 /xL) were mixed with 100 mM DTT (0.5 nh) 
and buffer E (5 mL) and analyzed by electrophoresis on a 25% 
polyacrylamide-7M urea gel (acrylamide/methylene bisacrylamide 

25 = 19/1) (Figure 3B) . 

DNA Synthesis via PCR using a DNP-modified oligonucleotide. 

PGR reactions were performed on a Perkin Elmer Cetus Gene 
Amp PCR System 9600. The DNA fragment containing the 
bacteriophage lambda PR' promoter, 6S gene, and tR' terminator, 

30 with the lambda gut site (Yang et al., 1987) was amplified from 
plasmid pHAlOO (Zhang & Hanna, 1995) using either 
oligonucleotide E or F and the universal T7 primer (Stratagene) . 
The DNA product was purified by excision of the band from an 
agarose gel and extraction of the DNA using the commercially 

35 available GENECLEAN kit (BIO 101 Inc., La Jolla, CA) . The PCR 
products were dissolved into equal volumes of buffer F and 
analyzed by electrophoresis on a 1.5% agarose gel. Detection of 
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DNA was achieved by addition of ethidium bromide to the 
electrophoresis buffer. (Figure 4A) . 

Ixamunodetection of DNP-labeled DNA. 

Dot blot experiments were performed manually. The DNP-labeled 
5 PGR product and the corresponding unlabeled DNA fragment (1 
pmole each) were in lOX SSC solution (1.5 M NaCl, 0.15 M 
NajCitrate, pH7) . Samples (13 mL) were applied to a pre-wetted 
charged nylon membrane (Zeta Probe GT; Biorad) . The membranes 
were air dried, rinsed briefly with 2X SSC and heated at 80°C 

10 under vacuum for 3 0 min. The membranes were blocked by 
overnight incubation at 4°c in TBS-T (20 mM Tris HCl, 500 mM 
NaCl, 0,4% (v/v) Tween 20, pH 7.6) containing 10% (w/v) dried 
milk. The membranes were then washed with TBS-T two times 
briefly, one time for 15 min. , and two times for 5 min. The 

15 membranes were incubated with a 1:1500 dilution of anti-DNP 
antibodies for 1 hour, washed as described above and then 
incubated with a 1:10,000 dilution of horseradish peroxidase- 
linked whole anti-rabbit Ig for 1 hour. Membranes were then 
washed one time for 15 min. and 4 times for 5 min. with TBS-T. 

20 Detection of the antibodies was carried out using the ELC 
chemiluminescence method (Amersham) . The membranes were 
incubated with the detection agents for 1 min. before exposure 
to x-ray film for 2 min. (Figure 4B) . 

RESULTS 

25 The synthesis and characterization of a novel deoxyuridine 

phosphoramidite (Compound 7) containing a protected thiol group 
at the 5 position of the mercaptopyrimidine ring is described 
(Figure 1). This DNP-labeled analog was site-specifically 
incorporated internally into a series of oligonucleotides. 

30 Significant differences in overall synthetic yields were not 
observed between oligonucleotides made with normal 
deoxynucleoside phosphoramidites and those which contained the 
analog, indicating that the modified phosphoramidite is a 
suitable reagent for automated oligonucleotide synthesis. 

35 Enzymatic digestion of the DNP-labeled oligonucleotide 
established the stability of the modified pyrimidine to the 
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conditions for chemical synthesis and purification of 
oligonucleotides (Figure 2B) . Selective deprotection of the 5- 
thiol moiety with BME and subsequent modification of the 
unmasked thiol with 5-IAF were verified by gel electrophoresis 
5 of the oligonucleotides (Figure 3B) . Incorporation of the DNP- 
labeled oligonucleotide into double-stranded DNA was achieved 
using PGR, Isolation and characterization of the PGR products 
included gel electrophoresis and immunodetection with anti-DNP 
antibodies (Figure 4A and B) . 

10 Synthesis, 

Synthesis of the deoxyuridine phosphoramidite analog 
(Compound 7) was carried out following the sequence of reactions 
outlined in Figure 1. Compounds 2-7 have not been previously 
described in the literature. The method chosen for 

15 incorporation of the thiol group required thiocyanation of the 
pyrimidine ring. Initially, this reaction was performed on 
deoxyuridine and the reaction conditions utilized were similar 
to those previously described (Bradley & Hanna, 1992; Nagamachi 
et al., 1974; Torrence et al., 1968). Although literature 

20 reports indicate yields of 54% for the thiocyanation of 
deoxyuridine, this was difficult to achieve- The yield for this 
reaction varied considerably and was at times as low as 9%, A 
major side product in this reaction was isolated and identified 
by NMR and IR as 5 ' -O-acety 1^-5-thiocyanatodeoxyuridine 

25 indicating that along with thiocyanation, acetylation of the 
sugar ring had occurred. 

To circumvent the problems associated with the reaction 
described above, 3 5 ' -O-diacety 1-2 ' -deoxyuridine (Compound 1) 
was utilized as the starting material. Protection of the sugar 

30 hydroxyls by acetylation prior to thiocyanation results in 
higher yields (95%) for the reaction (Nagamachi et al, , 1974) . 
However, removal of the acetyl protecting groups could not be 
accomplished using standard basic conditions required for 
deesterif ication without destruction of the thiocyanato group. 

35 Therefore, a synthetic approach was developed which required 
reduction of the thiocyanato compound to the mercapto analog 
prior to removal of the acetyX^gi^oups (Figure 1) . Thiocyanation 
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Of the 3',5'-o-diacetyl-2'-deoxyuridine 

5 purification column chromatographic 

purxficatzon. The pure product was obtained in 82% yield as a 
white solid. yj-ej.a as a 

Reduction of the thiocyanato derivative 2 t-o 

solvent mixture of MeOH and O.i m EDTA (ryH-l 8^ -tk 
.0 is a variation of a reported procedrre^Ci^reV ^^^'^ 

thL m""r " ^'-^^^^^-^''--^--^--thiocyanlt::: iine 
this mercapto analog however was not isolated. Purification o^ 
compound 3 was achieved by acidification r.^ urification of 

J ,_ -'-■•■airication of the reaction mixture 

followed by concentrai- i i-u • mj-xture 

-'"^^ -^"-1- in cjeT:: 



20 



25 



30 



remove r.siaual DTT. t.e organic layer was reduced and the 
res.aue trituratea with water to crystallize the product as we^l 
as to a.ssolve residual OTT. Co.pouna 3 was obtaLea as a „"t 

solid in 75% yield. wnire 

The mechanism for the reduction of the thiocyanato requires 
displacement of the cyano group .y OTT. since no attempt "as 
made to remove the cyanide ion before acidification of this 

reaction m.xtur ry step of the isolation of Compound 3 from 

ho"d .H-"" "i'h „,o was performed in a IZ 

hood. This synthesis of Compound 3 was designed for Z 
preparation of both B-alKyldithio and 5-al.y!thio or s 

a": Id' tTI""""^ '° ^"^-^ -.-dat'ion Of the 

alkyldithio compounds by DTT nur-i f i ^ 

uii, purification of Comoound 
necessary. This is not the cas^ w-H-k ^ "•P°""^ 3 was 

• vi.th formation of 5-alkvi i-h i « 

pyr«.d.nes <.i„ et al.. i,ss, and this purification ^tlp has 
bee„^el.m.nated for Compound 4 resulting in a slight aecrease " 



The DNP protecting grouo ha<. w 
35 Oligonucleotide synthesis .17 . employed in 

^ protecting group for 6- 
: :rr%^"' -thio,uanine Phosphoramia'tt's cxu et .1 
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Studies indicated the DNP group was stable during automated DNA 
chemical synthesis. Conversion of mercaptan 3 into the 2,4-DNP 
analog 4 was achieved by reaction with 2 , 4-dinitrof luorobenzene 
in anhydrous CH,CN with Et,N present as a catalyst (Xu et al., 
1992b). The product was isolated as a yellow solid in 88% 
yield. Attachment of the thiol protecting group prior to 
removal of the acetyl moieties insured that the product was 
soluble in organic solvents, which aided in the purification of 
the material. More importantly, protection of the sulfur 
inhibits the oxidation of the analog to the disulfide compound, 
a potential reaction of 5-mercaptopyr imidines (Kalman & Bardos] 
1967) . 

Another method of preparing 5-arylthiol ethers of 
deoxyuridine has been previously described. Bergstrom et al. 
has prepared a series of alkyl and aryl mercaptodeoxyur idine 
analogs using a palladium-mediated reaction between 5- 
(chloromercuri) -2 '-deoxyuridine and the appropriate disulfide 
(Bergstrom et al., 1991). Although this method offers a simple 
route to arylthiol ether analogs it was not selected for study. 
Development of a more versatile intermediate such as Compound 3 
which can be easily converted into various types of analogs 
including disulfides was desired for future studies. 
Additionally, the synthetic utility of the method has not been 
fully evaluated and therefore formation of the desired 
25 dinitrophenyl analog (Compound 5) was uncertain. 

Deesterification of nucleosides is commonly performed under 
basic conditions using NH, or NaOMe (Kini et al. , 1989; Trivedi 
& Bruns, 1989). Literature reports suggest the DNP group is 
marginally stable to nucleophiles such as NaOMe; the stability 
30 of this group being strongly dependent on the reaction 
conditions (Greene, 1981). Successful removal of the acetyl 
groups was achieved by reaction of the diacetyl analog (Compound 
4) with NaOMe in MeOH without an apparent loss or modification 
of the DNP group as judged by NMR and IR. Following the 
35 deacetylation, the diol (Compound 5) was isolated as a yellow 
solid in 81% yield. An initial attempt to deacetylate Compound 
4 under mild reductive methods was performed (Brown et al., 
1982; Soai & Ookawa, 1986). However, reaction with LiBH, ina 
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mixture of Et^O and MeOH did not result in the formation of 
Compound 5, possibly due to the poor solubility of the starting, 
material • 

Incorporation of the DMT protecting group at the 5' 
position of nucleosides is typically accomplished by reaction 
with DMTCl in the presence of pyridine or dimethy Ipyr idine 
(Chaudhary & Hernandez, 1979). However, as utilization of these 
conditions with other 5-thiol modified nucleosides was not 
successful (unpublished results), this reaction was not 
attempted for the synthesis of Compound 6. Conversion to the 
5'-dimethoxytrityl analog (Compound 6) was achieved by reaction 
of Compound 5 with DMT'^BF4- in the presence of DBMP in CH3CN at 
reflux. This reagent, DMT^BFj, has only recently been utilized 
in the preparation of 5' protected nucleosides (Bleasdale et 
al., 1990; Lakshman et al., 1992). 

The proposed mechanism for dimethoxytrity lat ion with DMTCl 
and pyridine requires formation of a dimethoxytrityl pyridinium 
salt which then undergoes reaction with the 5' hydroxy 1 group 
(Chaudhary & Hernandez, 1979). Formation of the pyridinium salt 
is considered the limiting step. The reagent DMT'*'BF"'4 serves as 
a source for the dimethoxytrityl cation. By preforming the 
cation prior to reaction, the slow step in the 
dimethoxytritylation has been eliminated and the ether should be 
more easily formed. Although Compound 6 was obtained using this 
reagent, the reaction was performed under reflux conditions. It 
is unclear why the reaction requires such stringent conditions 
but presumably steric hindrance plays some part. Modification 
of other bases has been reported to inhibit dimethoxytritylation 
possibly due to steric hindrance (Cosstick & Douglas, 1991) • 

Silica gel column chromatography was employed to isolate 
Compound 6. Due to the acidic nature of the silica gel, a small 
percentage of pyridine was added to the eluting solvent to 
prevent loss of the acid sensitive DMT group. Initially, EtjN 
was used in the solvent system; however tr iethy lammonium salts 
of Compound 6 were isolated as determined by NMR. This was not 
observed during the synthesis of the standard 5'- 
dimethoxytrityl-2'-deoxyur idine. Switching to pyridine, a 
weaker base, in the eluting solvent system eliminated this 
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problem. A satisfactory high resolution FAB mass spectra was 
obtained for Compound 6. 

The Compound 6 was isolated as a yellow solid in yields 
ranging from 35 to 48%, making formation of the dimethoxytrityl 
ether the lowest yielding reaction in this synthetic sequence. 
However, approximately 20% of the starting material. Compound 5, 
was converted into the 3 5' -bis (dimethoxytrityl) analog, which 
was isolated and converted back into 4 for recycling into the 
synthesis. 

The final reaction in the preparation of Compound 7 is the 
incorporation of the phosphoramidite moiety at the 3' position 
of the nucleoside. This is commonly accomplished by reaction of 
the appropriately protected nucleoside with 2-cyanoethy 1-N, N- 
diisopropyl chlorophosphoramidite in the presence of the N,'n- 
15 diisopropylethylamine (DIEPA) (Sinha et al . , 1984 ) . Utilization 
of these conditions did not result in the desired product and 
starting material was re-isolated. However, a standard reaction 
with 5'-dimethoxytrityldeoxyuridine was successful. A second 
method for incorporation of the phosphoramidite moiety which 
20 utilizes the reagent 2 -cy a noethy 1 -N , N , N , ^ N ' - 
tetraisopropylphosphorodiamidite in the presence of tetrazole in 
CH,CN was evaluated (Barone et al., 1984). Unlike the basic 
reaction with DIEPA, these slightly acidic conditions provided 
the DNP-labeled phosphoramidite. Compound 7. rp hplc analysis 
25 of compound 7 indicated the presence of a pair of closely 
eluting peaks (11.0 and 12.4 min) representative of the expected 
l:l mixture of diastereomers . The overall purity of the sample 
was determined to be greater than 96% and no starting material 
was observed in the chromatogram. HPLC data was quantified 
30 using a simple area percent method. Similar results were 
observed using silica gel TLC analysis {CH,Cl,:MeOH: Et,N;96 : 3 : i) . 
The phosphorous NMR spectrum showed two characteristic peaks 
associated with the diastereomeric phosphoramidites (149.12 and 
149.27 ppm). An additional peak appeared in the NMR at 14.3 
35 ppm. Based on the chemical shift of this peak, the impurity is 
presumed to be a hydrolysis product (Scremin et al., 1994). No 
attempt was made to remove this material prior to 
oligonucleotide synthesis as it is not reactive in the 
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oligonucleotide chemistry, A high resolution FAB mass spectrum 
could not be obtained for Compound 7 due to its instability 
during analysis • This was not surprising as the standard 
deoxyuridine phosphoramidite displayed a high degree of 
5 instability during high resolution FAB MS analysis; however, a 
small molecular ion peak was identified in the spectrum. 
Evaluation of Compound 7 using low resolution mass spectroscopy 
showed a fragment (m/ 2=407) consistent with the loss of the DMT 
and the phosphoramidite moieties. As a similar fragmentation 
10 pattern was observed for the standard deoxyuridine 
phosphoramidite under these experimental conditions, the 
information supports the proposed structure. 

syntheses and purification of oligonucleotides. 

Internal incorporation of the phosphoramidite analog, 

15 Compound 7, into series of oligonucleotides has been 
accomplished using an automated DNA synthesizer. The natural 
oligonucleotides with corresponding sequences were prepared as 
standards. The sequences for the oligonucleotides which are 
* listed in Table 1 were chosen for two reasons: the 7-mer was 

20 designed for characterization purposes while the 22-mer and the 
24-mer were developed to study the DNA-protein interactions 
during transcription of the bacteriophage lambda 6S gene. The 
concentration of the phosphoramidite solution of Compound 7 was 
diluted twofold as compared to the normal phosphoramidites (dA, 

25 dG, T and dC) utilized in these DNA syntheses. This dilution 
was performed to conserve material. The coupling time for the 
reaction involving the modified phosphoramidite was increased by 
120 seconds. Under these reaction conditions, the coupling 
yield for the modified phosphoramidite was >96% which was 

30 comparable to the coupling yields of the other standard 
phosphoramidites. The average stepwise yields for all six 
oligonucleotide syntheses were determined automatically by the 
ABI synthesizer using a trityl cation assay. These yields are 
listed in Table 1. 

35 Selective removal of the exocyclic amine protecting groups 

in the presence of the DNP moiety was achieved by treatment with 
NH4OH at room temperature for 44 hours. Typically, this 
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deprotection is performed at elevated temperatures of SS'C for 
8 hours (ABI technical bulletin #13, 1987). However, studies 
involving reaction of the DNP-labeled nucleoside 5 with cone 
NH4OH at 55 "C indicated the analog was not stable to these 
5 conditions but was stable at room temperature (data not shown) . 
As successful removal of standard exocyclic amine protecting 
groups at room temperature has been reported for other 
oligonucleotides containing modified phosphoramidites , these 
conditions were utilized (Sheardy & Seeman, 1986). Although 
10 these initial studies were performed with the standard exocyclic 
amine protecting groups, phosphoramidites containing a wide 
variety of protecting groups which can be efficiently removed 
under mild conditions are now commercially available. These 
will be investigated for compatibility with phosphoramidite 
15 Compound 7 . 

The crude oligonucleotides were purified as the DMT ethers 
by RP HPLC. Removal of the DMT group under standard acidic 
conditions did not affect the DNP moiety. Following removal of 
the DMT group, the oligonucleotides were analyzed for purity by 
both analytical RP HPLC and gel electrophoresis as shown in 
Figures 2A and 3A respectively. The. oligonucleotides showed one 
major product in both analyses. The retention times of the DNP- 
labeled oligonucleotides were greater than the corresponding 
natural oligonucleotides in the HPLC analyses due to the 
25 lipophilic nature of the dinitropheny 1 group. The RP HPLC 
retention times for the purified oligonucleotides are listed in 
Table 1. The overall yields of the pure material which were 
calculated by dividing the optical density of pure 
oligonucleotide by the optical density of crude DMT-labeled 
30 oligonucleotides times 100% are found in Table 1 (Kuimelis & 
Nambiar, 1994). The yields for the corresponding normal and 
DNP-labeled oligonucleotides were comparable. 

Enzymatic digestion of the heptanucleotide. 

To establish that the DNP group is stable to the conditions 
35 of automated DNA synthesis, deprotection, and purification, a 
DNP-labeled oligonucleotide was enzymatically digested into its 
corresponding nucleosides and evaluated by RP HPLC. in order to 
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Observe the single DNP-labeled nucleoside present in the 
enzymatic digest, the short chain oligonucleotide B was used for 
this analysis. The sequence chosen for this heptanucleotide did 
not contain deoxycytidine . Deoxycytidine co-elutes with 5- 
5 mercapto-deoxyuridine, a potential side product arising from the 
loss of the DNP group, in the gradient system utilized in the 
analysis. Deoxycytidine was therefore omitted from the sequence 
to eliminate uncertainty in identifying the nucleoside peaks. 
5-Mercaptodeoxyuridine was synthetically prepared in this lab by 

10 reduction of 5-thiocyanatodeoxyuridine (Nagamachi et al . , 1974), 
Initial degradation of the oligonucleotide B and the 
corresponding normal oligonucleotide A was attempted by 
concurrent digestion with snake venom phosphodiesterase (SVP) 
and CIP (Kuimelis & Nambiar, 1994). This method proved useful 

15 in the digestion of the natural oligonucleotide but did not 
appear to fully degrade the DNP-labeled material. This is 
consistent with other studies in which SVP has failed to 
function with some modified oligonucleotides and nucleotides 
(Gao et al., 1992; Hanna et al, 1989; Hanna et al., 1993). 

20 Substitution of the exonuclease SVP with an endonuclease 
Nuclease PI resulted in complete digestion. Due to a difference 
in the pH requirements of these enzymes for activity, this 
digestion was accomplished in two consecutive enzymatic 
reactions. First, Nuclease PI cleaved the phosphodiester bonds 

25 to provide the 5 ' -monophosphates which were then subjected to 
treatment with CIP. The resulting nucleosides were isolated and 
analyzed by RP HPLC. The results are shown in Figure 2B. 

This enzymatic degradation provided the correct ratios of 
unmodified and modified nucleotides. For oligonucleotide A, the 

30 ratio of dA, dG and T was 1,9:2.1:2.9. For oligonucleotide B, 
the nucleoside 5 is also expected in the reaction mixture 
providing a ratio of dA, dG, T and 5 of 1.9:2.1:1.9:1.1, 
Chemically synthesized Compound 5 was utilized as a standard. 
Both the enzymatically obtained and the chemically obtained 

35 nucleoside Compound 5 eluted with the same retention time during 
RP HPLC analysis. In addition, these compounds provided 
identical UV spectra with absorption peaks appearing at 262 and 
334 nm. Finally, no unidentifiable peaks wera observed in the 
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HPLC chromatograms of the enzymatic digests and only one peak 
representing nucleoside Compound 5 appeared in the HPLC 
chromatogram monitored at 330 nm. In this analysis, absorption 
at 330 nm is associated with the presence of either the dinitro- 
phenylthiol ether or the 5-mercaptopyrimidine moiety. if the 
DNP-labeled analog had undergone modification during automated 
DNA synthesis, deprotection, or purification, extraneous peaks 
were predicted to appear in this chromatogram. 

Deprotection and alkylation of a DNP-modif led oligonucleotide. 

Removal of the DNP moiety was accomplished by reaction of 
oligonucleotide F with 1.4 M BME in Tris buffer pH 8 (Shaltiel, 
1967). The reaction was performed under two different reaction 
conditions: room temperature for 12 hours and 45 »c for 4 hours. 
Oligonucleotide E was reacted under the same conditions to serve 
15 as a standard. No attempt was made to isolate the deprotected 
oligonucleotide prior to modification with 5-IAF. The pKa of 
BME is 9.6 while the pKa of 5-mercaptodeoxyuridine is 5.0 
(Bardos & Kalman, 1966). Modification of a thiol by reaction 
with haloacetamido compounds such as 5-lAF requires formation of 
the thiolate anion. By lowering the pH of the reaction mixture, 
the selectivity for modification of the oligonucleotide is 
enhanced over that of BME, a potential side reaction. The 
oligonucleotide products in both the deprotection and 
modification reactions were isolated by ethanol precipitation 
and analyzed by electrophoresis using a 25% polyacry lamide-7 M 
urea gel. The results are shown in Figure 3B. Lanes 1 through 
4 represent reactions utilizing oligonucleotide E. No 
difference is observed in these four lanes indicating the 
natural oligonucleotide structure is stable to the conditions 
30 needed for deprotection and alkylation of the thiol. Lanes 5 
and 7 represent reactions of oligonucleotide F with BME at room 
temperature and 450C respectively, while lanes 6 and 8 depict 
the corresponding alkylation reactions which were carried out at 
room temperature. No apparent mobility shift is observed 
35 between the natural oligonucleotide (lanes 1-4) and lanes 5 and 
7, which is consistent with our observations that a 20-mer RNA 
containing 5-SH-UTP co-migrates in this gel system with 20-mer 
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containing no analog (He et al, , 1995) • In contrast, a 
substantial difference is observed following modification with 
fluorescein, consistent with other reports of gel mobility 
shifts of f luorescein-labeled oligonucleotides (Clegg et al., 
5 1992; Mergny et al., 1994). In fact, the selection of 5-IAF for 
the alkylation experiments instead of a thiol-modif ying 
photocrosslinking reagent such as p-azidophenacyl bromide (APB) 
was due in part to the ease in which the reaction results could 
be monitored by gel electrophoresis. The conditions for 
10 alkylation of the oligonucleotide with 5-IAF however should 
prove useful with other haloacetyl derivatives such as APB. We 
have specifically labeled the thiol group in an RNA molecule 
containing 5-SH-UMP (He et al,, 1995) with APB. We have also 
attached APB to a DNA molecule generated by PGR with a 
15 oligonucleotide containing (compound 7), after BME removal of 
the DNP group (not shown) . 

As the mobility shift associated with the DNP label is 
small (Figure 3A) , it is possible that a mixture of DNP-labeled 
and 5-mercapto-labeled oligonucleotides may appear as one band 
20 on a 25% polyacrylamide-7 M urea gel. Therefore, one can not 
determine the extend to which deprotection has occurred. 
However, the appearance of a new band in lanes 6 and 8 (Figure 
3B) with the subsequent disappearance of the band seen in lanes 
5 and 7 indicates that the oligonucleotidie underwent 
25 deprotection and alkylation. Although deprotection does occur 
with time at room temperature, the reduced time required to 
deprotect at 4 5®C makes this the preferred method. 

PGR reaction using a DNP-modified oligonucleotide. 

The DNP-labeled oligonucleotide was incorporated into 
3 0 double stranded DNA using PGR. Plasmid pHAlOO served as the 
template for this reaction. A 492 base pair segment of this 
plasmid was amplified using the universal T7 primer and either 
oligonucleotide E or F. The products isolated from the reaction 
were analyzed on a 10% polyacry lamide-7 M urea gel (data not 
35 shown) and a 1.5% agarose gel (Figure 4A) . Differences in 
mobility were not observed between the standard PGR product and 
the DNP-labeled PGR product in these gel analyses and . no 
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difference in yield was observed. 



Inununodetection of DNP-labeled oligonucleotides and DNA. 

To insure the stability of the DNP protecting group during 
the PGR reaction, the products described above were subjected to 
5 immunodetection studies using rabbit polyclonal anti-DNP 
antibodies. The natural PGR product served as a negative 
control. The DNP group was detected using a chemiluminescenoe 
method and only the DNP-labeled nucleic acid provided a signal 
(Figure 4B) . 

^° Example 3: Analysis of Protf?in-DNA Interact i on g 

Utilizing 5-S-DNP-dIl 
Photochemical crosslinking is a powerful technique for 
characterization of both RNA-protein and DNA-protein 
interactions in nucleoprotein complexes. Photochemical 

15 crosslinking "traps" weak or transient associations which might 
not survive isolation procedures such as immunoprecipitation, 
gel filtration, or filter binding. There are a number of 
approaches which can be taken in photochemical crosslinking. 
One involves direct irradiation of a nucleoprotein complex with 

20 short wavelength ultraviolet light. This method relies upon the 
direct excitation of nucleotides or amino acids to generate 
chemically reactive species. Such nonspecific labeling can 
reveal whether a protein-nucleic acid interaction exists, but 
there are several problems associated with this approach. These 

25 include low crosslinking yields, the inability to incorporate a 
crosslinking group at a specific site in the nucleic acid, and 
degradation of some proteins during irradiation. A second 
approach involves the use of nucleotide analogs modified with 
photoreactive crosslinking groups (reviewed in M. Hanna, 1989, 

3° Methods in Enzymology) . These groups are chemically inert in 
the absence of light but are converted to chemically reactive 
species upon irradiation, often this can be achieved with long 
wavelength ultraviolet or visible light, resulting in less 
nicking of protein or nucleic acid. Molecular contacts can be 

35 identified at the level of specific nucleotides in nucleic acids 
and amino acids in proteins. One can therefore gain structural 
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information about macromolecular complexes which cannot be 
obtained by most other biochemical approaches. 

For such mechanistic studies a variety of nucleotide 
analogs have been developed and utilized (M. Hanna 1989, Methods 
5 in Enzymoloqy; Bradley and Hanna, 1992). These analogs are 
either tagged with a photoreactive crosslinking group or contain 
functional groups that can be tagged with crosslinkers after 
incorporation into DNA or RNA. These analogs can be 
incorporated into nucleic acids, either enzymatically or 

10 chemically, to analyze molecular interactions in protein-nucleic 
acid complexes. Upon photoactivation , analog-tagged nuecleic 
acids become covalently attached to adjacent macromolecules 
(protein, DNA, RNA) with which they have direct interactions. 
Therefore, nucleic acid binding domains in complexes can be 

15 characterized, nucleic acid binding proteins in extracts can be 
identified, and determinants involved in these specific 
interactions can be characterized at the level of individual 
nucleotides and amino acids. This methodology allows 

mechanistic questions about the way that specific protein-DNA or 

20 protein-RNA interactions regulate gene expression to be asked. 

Herein described are the approaches used to characterize the 
protein-DNA interactions in the E. coli transcription complex 
which forms on the bacteriophage lambda P^, promoter. 

Preparation of Site-Specifically Modified DNA Oligonucleotides 

25 The method described here is used to probe for interactions 

between a specific nucleotide in DNA and a DNA-binding protein. 
In this case, interactions between a specific nucleotide on the 
non-template strand of the P^. promoter are sought. The chemical 
approach to preparation of site-specifically modified DNA 

30 involves incorporation of a modified nucleotide during the 
automated synthesis of an oligonucleotide. Because the 
conditions used in automated oligonucleotide synthesis are 
rather harsh, the direct incorporation of a photocrosslinking 
azide group by this method is not possible, and a means for the 

35 post-synthetic incorporation of the azide group is required. 5- 
S-DNP-dU was incorporated into a DNA oligonucleotide, as 
described herein. For analysis of protein interactions with the 
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-12 position in the nontemplate strand of the p„ promoter, an 
oligonucleotide with the sequence 5 ' -5D-DNP-dU-AA ATT TGA CTC 
AAC GAT GGG (SEQ. ID. NO:l) was synthesized on an Applied 
Biosystems 392 DNA Synthesizer using the standard /3-cyanoethyl- 
protected phosphoramidite method by attaching the analog to the 
fifth substrate port. After synthesis, removal of the 
oligonucleotide from the column, and removal of the exocyclic 
amine protecting groups, the oligonucleotide was ethanol 
precipitated, dissolved in water and stored at -2a»c. 



Analysis of 5-S-DNP-dU Effects on Hybridization Properties of 
ODNs 

TO evaluate the effect of incorporation of one or more 5- 
SDNP-dU analogs into oligodeoxynucleotides (ODNs) on their 
hybridization properties, the ODNs shown in Table 2 were 
15 synthesized. The observed melting temperatures (T„) showed that 
incorporation of one DNP analog decreased the melting 
temperature by only l.8«>c (hybrid V), compared to the normal DNA 
hybrid (I), and substitution with two DNP analogs caused a 
decrease of only 4.4-C (hybrid VI). Therefore, the effect of a 
20 single substitution is less than that caused by a single 
mismatch involving unmodified nucleotides (hybrids II, m and 
IV vs I), and the effect of two modified analogs is still less 
than that of a single T-C mismatch (hybrid IV) . Mismatches of 
2 or more are commonly used for site-directed mutagenesis, which 
involves hybridization of the oligonucleotides to single- 
stranded DNA. substitution with the DNP analog should therefore 
work as well, if not better. The use of ODNs containing one or 
more 5-SDNP-dU analog in assays requiring specific hybridization 
to a complementary strand is therefore quite feasible. 

By comparison, oligodeoxynucleotides (30-mers) containing 
a previously described nucleobase fluorescent derivative, 5- 
Amido-(Carboxyfluorescein)-2'-deoxyuridine, caused decrease's in 
melting temperature of 2oc for ODNs with one nucleobase 
substitution, 60C for ODNs with two nucleobase substitutions 
35 and 12 »C for ODNs containing three nucleobase substitutions 
(Jadhav et al. 1997). a more serious effect on the 
hybridization properties was observed for another previously 
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described analog, 2-thiodeoxyuracil . Placement of even a single 
2-thiodeoxyuracil analog into oligodeoxynucleotides (14-iners) 
caused a decrease in T,„ of 3-4^C (Kuimelis and Nambiar, 1994). 
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Table 2. T,„ values for native and modified 



ODNs 



ODN 1 5' GAC 
(SBQ. ID. NO: 2) 



VGA 



ACG AWG GGX TAA TYC 



ODN 2 3' CTG 
(SBQ. ID. N0:3) 



AGT 



TAG TZC CCA ATT AAG 





1 


1 


1 


1 


2 






nyDr IQ 


V 


W 


X 


Y 


2 




Drop in 


I 


T 


T 


T 


T 


A 


67 . 3 


u 


II 


T 


T 


T 


T 


G 


64 .5 


2 . 6 


III 


T 


T 


T 


T 


T 


63 . 6 


3 . 5 


IV 


T 


T 


T 


T 


C 


61.5 


5.6 


V 


T 




T 


T 


A 


65.5 


1.8 


VI 


T 


5 


5 


T 


A 


62 . 9 


4.4 


VII 


T 


5 


T 


5 


A 


62.5 


4.8 


VIII 


5 


5 


T 


5 


A 


58 . 0 


9 . 3 



10 



15 



a - as compared to unmodified duplex (Hybrid I) 
b - 5 refers to 5-S-DNP-dU 



20 



25 



Attachment of a Crosslinking Group at a Specific Position in DNA 

The analog-modified oligonucleotide (100 pmol) was 
radiolabeled with T4 polynucleotide kinase using [y^^-P] ATP 

(Figure 5, Step 1), isolated by ethanol precipitation and re- 
dissolved in water. The presence of the 5-S-DNP group on the 5' 
terminal nucleotide did not interfere with recognition and 
modification of the 5' OH group by kinase. The oligonucleotide 
was then incorporated into double-stranded DNA by either PGR 

(not shown) or by primer-extension. For primer-extension using 
a single-stranded phagemid DNA template, the oligonucleotide (20 
pmoles) was annealed to the template (1 pmol) by heating the 
mixture to 75»C, cooling to 65 »c and then placing the mixture on 
ice (Step 2). The oligonucleotide was then extended with a 
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thermostable DNA polymerase (AmpliTaq, Perkin-Elmer) by 
incubating for 5 minutes at room temperature and then two hours 
at 70°C. The template was ligated with T4 DNA ligase for 1 hour 
at 37 »C, and then ligated DNA was isolated by ethanol 
5 precipitation (Step 3). Before addition of a crosslinking 
group, the DNA protecting group must be removed (Step 4) . This 
was accomplished by treatment of the oligonucleotide (4.5 /iL) 
with 1.4 M /3-mercaptoethanol either at 45°C for 4 hours or at 
room temperature for 12 hours in 20 juL 20 mM Tris-HCl, pH 8.2. 

10 The deprotected DNA was purified to remove the j3-mercaptoethanol 
by ethanol precipitation, and the DNA was dissolved in 20 nh 
water. A photocross linking group was added to the DNA by 
reaction with the alkylating agent azidophenacyl bromide, and 
the DNA was again purified for transcription and crosslinking 

15 (Step 5) . 

Photocross linking 

For UV crosslinking, the reactions are split in half; a 
control aliquot is kept in the dark at room temperature while 
the other aliquot is irradiated at room temperature for 2 
20 minutes in a polystyrene tube 1 . 5 cm from a 302 nm light source 
(Spectroline model XX-15B, 1800 ^W/cm- at 15 cm) . After 
irradiation, DTT (to 60 mM) is added to all samples, and they 
are left in the dark for at least 5 minutes. After irradiation, 
but before protein gel electrophoresis, aliquots from the 
25 irradiated chase reactions are treated with nuclease to digest 
the DNA to a small radioactive fragment (Step 6) . The nuclease 
treatment results in digestion of the DNA to small radioactive 
fragments. This leaves a small radioactive piece of DNA on 
proteins which have been crossl inked to the DNA during 
irradiation. The control and irradiated samples are then 
analyzed by gel electrophoresis and autoradiography. 

Electrophoretic Analysis of Crosslinked Proteins 

For identification of crosslinked proteins, samples are 
mixed with an equal volume of 60 mM TrisCl (pH 8.0), 60 mM DTT, 
3.4% (w/v) SDS, 17% (v/v) glycerol, 0.02% (w/v) bromophenol 
blue, 0.02% (w/v) xylene cyanol, heated for 3 minutes at 94»C, 



30 



35 
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and then analyzed on 12 cm x 0.75 cm 10% SDS/polyacrylamide gels 
with a 4% stacking gel (acrylamide/methy lene bisacrylamide = 
27/1). Proteins are electrophoretically blotted onto MSI 
NitroBind Nitrocellulose membrane (Westboro, MA) in 25 mM Tris, 
192 mM glycine, 20% (v/v) methanol (Figure 6A) . The membrane is 
then silver-stained in 2% (w/v) sodium citrate, 0.8% (w/v) 
ferrous sulfate, 0.1% (w/v) silver nitrate for 5 minutes and 
dried. Autoradiography of the membranes is at -SQoc with 
Amersham Hyperfilm-MP and a Cronex Lightning Plus intensifying 



10 screen. 



5-S-DNP-dU can be used for site-specific modification of 
DNA at internal and terminal positions with DNA, and molecular 
probes can be placed at variable distances from the DNA 
backbone. m addition, the commercial availability of 

antibodies to the DNP group allows the direct use of the DNP- 
labeled oligonucleotides as immunodetection probes.'*' 



Example 4; Utility: Assavs for- Diaanos-i« o f BT;.riH^r- r.r^r^^^ 

Bladder Cancer strikes over 50,000 Americans every year, 
killing more than 11,000 (23) . Currently used means to diagnose 
bladder cancer usually rely on immunocytochemistry , nuclear DNA 
content and cytology. Extensive use of highly trained labor 
that these tests consume make them fairly expensive to 
administer. In addition, while being fairly specific for the 
diagnosis of bladder cancer, these tests lack sensitivity. 
25 Furthermore, they are poor prognosticators of cancer 
progression. Tests or biopsies with better sensitivity and 
prognostic value are invasive, even more expensive and poorly 
tolerated by patients. These facts result in many patients 
being under-diagnosed or under-treated for their illnesses. 

An ideal test would be sensitive, specific and prognostic 
for bladder cancer, less invasive, require fewer highly skilled 
scientists to administer, better tolerated by patients and less 
costly. such an assay would be expected to decrease mortality 
and morbidity due to this disease. Such a test would also be 
expected to represent a significant commercial possibility since 
it would not only replace many of the existing tests in the 
marketplace but would enable an increase in the number of tests 
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performed. 

One of the methods currently used for detection of mRNA 
levels in a cell utilizes an RNase protection assay (Hershey and 
krause, 1989) which is commercially available. In an RNase 
5 protection assay, a labeled RNA probe of discrete length is 
constructed that includes two domains (Figure 6) . One domain 
compliments, and therefore hybridizes to, an mRNA species whose 
abundance one wishes to detect and quantify. This domain forms 
a double stranded RNA molecule with the intended mRNA target. 

10 The other domain is made up of sequence that does not hybridize 
to the intended target. In an RNase protection assay, total 
cell RNA (or total cellular mRNA) is incubated with an excess of 
an RNA probe under conditions that favor specific hybridization 
of the probe with the mRNA species to be detected and 

15 quantified. After the hybridization step, the RNA is digested 
with a mixture of RNases. All single stranded RNA is hydrolyzed 
down to nucleotides or short oligonucleotides. Only double 
stranded RNA is protected from this digestion. All of the 
unhybridized probe is degraded. This includes the domains of 

20 the hybridizing probes that do not complement their targets. 

The digested RNAs are separated according to size by gel 
electrophoresis and then visualized by autoradiography. A 
positive signal is a labeled RNA molecule that is the correct 
length to be that portion of the probe that had hybridized to 

25 the intended target. This shortened form of the original probe 
can not be created by other means. This is why false positives 
are not a technical concern- Also, with an excess of probe and 
under the appropriate hybridization conditions, nearly all of 
the intended target is hybridized to the nucleic acid probe 

30 (NAP) . This makes the intensity of the signal proportional to 
the original concentration of the target mRNA species. 

The advantages of an RNase protection assay are that it is 
quantitative, reproducible and completely free of false 
positives derived from technical difficulties. This last 

35 feature makes such an assay format appealing as a technological 
platform for diagnostic determinations of patient derived 
materials. The disadvantages of an RNase protection assay are 
that the probes are very tedious to make. They possess very 
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Short half lives because of the radioactive isotopes ("P) used 
to produce the signal. In addition, RNA is inherently less 
stable than DNA, and some RNases can be extremely difficult to 
inactivate. 

5 The disadvantages of RNase protection are overcome by the 

envisioned NAP Nuclease Protection Assays (NAP-protection 
assays) employing the der ivatizable nucleotide analogs herein. 
The NAPS can be synthesized in large quantities, carefully 
evaluated (quality control assays) , and then stored for future 
10 use. There is an economy of scale that this affords which 
overcomes the difficulty of probe construction and synthesis. 
These NAPS will utilize non-isotopic means of detection' 
permitting the NAPs to have extended shelf lives. Additionally,' 
the NAPS for different target mRNAs can be modified with 
15 different reporter groups. This will permit the examination of 
the expression of several genes simultaneously. This assay can 
be modified to accept automation to reduce run times. 

Use of oligonucleotides or NAP probes which contain 
modified nucleotide analogs has been previously reported (21-23, 
20 26-29). The chemical approach to preparation of site- 
specifically modified DNA involves incorporation of a modified 
nucleotide during the automated synthesis of an oligonucleotide. 
The modified oligonucleotide can then be incorporated into 
double-stranded DNA by PCR amplification or primer extension of 
25 a single-stranded DNA. The use of various modified 

phosphoramidites as masked synthons for preparing derivatized 
oligonucleotides at both terminal and internal sites has been 
reported (Xu, Zheng and Swann, 1992; Maurizi and Ginsburg, 
1986) . These masked synthons allow incorporation of protected 
functional groups such as amines (Nagamachi, et al. 1974), 
carboxylic acids, thiols (Goodwin and Click, 1993) and 
thiocarbonyls. Once incorporated the analogs are deprotected 
and modified post-synthetically. Convertible nucleoside 

phosphoramidites, mononomers containing leaving groups, have 
also been used to incorporate crosslinking and photocrosslinking 
groups by post-synthetic substitution of the leaving group. 
Several companies sell reagents for the addition of molecular 
tags to either of the two ends of a nucleic acid (5' or 3'). 
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Some provide reagents which allow the incorporation of more than 
one analog at internal positions in the NAP, to allow an 
increase in the amount of signal produced by the NAP, there is 
a resultant perturbation of nucleic acid structure or decrease 
5 in hybridization function (interaction with mRNA) of the NAP. 
Since the assay is based on specific NAP hybridization, with the 
current methods available, increasing the signal in a NAP must 
be balanced against the loss of hybridization capacity. 
However, the goal is always to obtain the strongest signal 

10 possible, because this not only decreases data acquisition time, 
but increases the level of sensitivity of a given assay. This 
is clearly an important methodology, for which a commercial 
market already exists. 

Preferred versions of the nucleotide analogs contemplated 

15 herein have the following characteristics which make them 
preferable to other currently available nucleotide analogs for 
this assay: 

1. The nucleotide modification is on a position of the 
base which is not required for normal RNA and DNA 

20 basepairing, therefore specific hybridization is still 

possible. 

2. The reactive group added to the nucleotide is not 
normally found in DNA or mRNA (S group) , therefore 
reaction of the probe modified oligonucleotides or 

25 NAPs with thiol-reactive alkylating agents gives 

virtually thiol-specif ic modification of the NAP. 
Analogs with reactive amino groups, which are modified 
by alkylating agents targeting amines, are less 
specifically modified. This is due to the presence of 

30 exocyclic amine groups in the normal nucleotides of 

both DNA and RNA, and these can be modified by the 
alkylating reagents as well. 

3. The reactivity of the aryl thiol group on 5-SH-UTP to 
alkylating agents is considerably higher than that of 

35 alkyl thio ether derivatives (pK,^=5.5 vs 8,), 

4. The linker attached to the nucleotide base contains 
all single-bonds (vs alkyl or alkynyl) , thereby 
allowing free rotation of the probe in the region 
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close to the nucleic acid backbone. This is 
advantageous because the flexibility of the linker are 
allows the nucleotide analogs to adopt to different 
enzyme active sites (in DNA and RNA polymerases), 
5 . making them generally good substrates for enzymatic 

incorporation into nucleic acids. 
5. As assessed by several functional assays, analogs 
modified through the aryl thio group of 5-S-U 
derivatives do not disturb normal rna secondary or 
10 tertiary structures. 

Unlike other types of cancer, the primary tumor in bladder 
cancer sheds or exfoliates relatively large numbers of cells 
into the lumen of the bladder. These cells can be easily 
collected in urine or from bladder washes. In a void urine from 
15 a patient with a bladder tumor, there will be very few to about 
a million cancer cells. Bladder washes yield more cells than 
void urines. Currently, the company UroCor, Inc. and other 
firms provide services to diagnose disease. Bladder cancer 
cells collected in urine are examined for morphology, DNA 
2 0 content and for protein biomarkers as detected immunochemically . 

While these tests are not as informative as desired, it is clear 
that cancer cells can be collected from patient urines and that 
these cells are relatively intact with respect to morphology, 
nucleic acid and protein content, and expression. RNA has not 
25 been directly examined in these cells, but it is reasonable to 
expect that the RNA content of these cells will also be intact 
relative to the needs of the envisioned NAP-protection assay. 

A NAP-protection assay can be designed to determine the 
relative abundance of mRNAs for four surrogate biomarkers of 
30 bladder cancer and/or its progression relative to the abundance 
of a mRNA encoding a "house keeping" gene that is not 
differentially regulated. Changes in the abundance of the 
surrogate biomarkers relative to the undif f erentially expressed 
gene will be informative in both diagnosing and evaluating the 
35 state of a patient's bladder cancer. In one embodiment, the 
final assay uses five probes, each specific for a different 
gene. One of the probes will hybridize to an appropriate "house 
keeping" gene. The hybridization signal from this probe will 
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act as one of the positive controls in the assay. Of the 
remaining four mRNA species, targets will be selected such that 
in cancerous cells two of the mRNAs are increased in abundance 
and two are decreased relative to nontransf ormed cells. In this 
format, each regulatory pathway acts as an internal control for 
the other . 

The following assays can be carried out to probe for mRNA 
levels of the human autocrine motility factor receptor, which is 
differentially expressed in bladder cancer cells. The DNA 
sequence (SEQ. ID. NO:4) for this gene is shown in Figure 7. 



Ribonuclease NAP Protection Assay 

One ribonuclease assay is based upon the currently utilized 
radioisotopic RNase protection assay, described above. However 7 
the radioactively labeled nucleotide substrates are replaced by 
15 5-S-R-XTP nucleotides, where X is U, dU, C, or dC and R is one 
of several different reporter groups. The NAPs for the assay 
are ssRNA, which are synthesized enzymatically utilizing a 
bacterial or phage RNA polymerase. 

In this assay, RNA NAPs can be prepared in which the RNA is 
20 labeled with many fluorescent, colormetric, chemiluminescent , or 
antigenic reporter groups. One such antigenic reporter group is 
the dinitrophenyl group (DNP) , and the analog for these 
experiments is proposed below. The assay is the same as the 
current method previously described, but the protected RNA 
25 products are detected by either monitoring fluorescent emission, 
probing with antibodies, or monitoring chemiluminescence . In 
this assay, final detection still requires the analysis of the 
NAP protection assay by gel electrophoretic separation of the 
products. However, the probes can be synthesized in large 
quantities and stored, so this assay still has a major advantage 
over the existing methodologies. 



35 



Deoxyribonuclease NAP Protection Assay 

An alternative nuclease protection assay can utilize DNA 
NAPs, similarly modified with multiple reporter groups. One 
compelling reason to consider DNA NAPs is that they are both 
chemically and biologically more stable than the comoarable RNA 
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15 



NAPS. This makes them better prospects for synthesis in large 
quantities and for long storage. Despite this inherent 
stability relative to RNA, ssDNA can be easily degraded by 
single-strand specific DNases, in the manner as utilized for 
ssRNA digestion. In addition, with DNA NAPs, one can synthesize 
large quantities of the DNA probe by utilizing the DNA 
amplification method, PGR (polymerase chain reaction) . 

1) DNA NAPs Prepared with Analog-Tagged Oligonucleotide 
Primers 

Already developed for use in such a DNA NAP-protection 
assay is the analog 5-DNP-dU phosphoramidite . This analog can 
be incorporated chemically into ssDNA oligonucleotides utilizing 
automated synthesis. Therefore oligonucleotide primers for the 
PGR reaction can be made which contain multiple analogs, with 
nearly every "T" in the oligonucleotide synthesis and isolation, 
and we have shown that it is also retained during the thermal 
cycling reaction of PGR. Therefore, one can prepare DNA NAPs 
which contain several reactive thiol groups in the 5' region of 
the NAP, and these can then be deprotected and modified with a 
variety of alkylating agents. one can therefore prepare probes 
for several different mRNA targets, each with a different 
reporter group, and differentially quantify the levels of each 
in one reaction. This aspect of the method becomes important 
for the progression of the assay to automation. 

25 2) DNA NAPS Prepared with Analog-Tagged Deoxynucleoside 

Triphosphates 

DNA NAPS can be synthesized by incorporating several (e.g. 
five to ten) 5-S-DNP-dUs into the 5 ' -tagged oligonucleotide, and 
then synthesizing full length DNA NAP by PGR with unmodified 
3 0 dNTPs, e.g., 5-S-DNP-dUTP . 

Automation of NAP Protection Assays 

Automation of either the RNA NAP Protection Assay or the 
DNA NAP Protection Assay requires that the electrophoresis step 
be eliminated. The separation of the individual protected mRNA 
species by electrophoresis is one of the more time-consuming 



20 
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steps of the current assay, and makes this method intractable to 
automation. In order to eliminate this step, one must devise a 
method for the detection and relative quantitation of more than 
one mRNA species in a single reaction. Currently, the best 
5 approach for this involves the use of a variety of fluorescent 
tags, each with different excitation and emission properties. 
An increasing number of alkylating reagents tagged with 
fluorescent groups such as fluorescein or rhodamine, to name 
only two of many, are now commercially available. Companies are 

10 designing fluorescent detectors which. can differentiate among 
the different signals produced by these fluorescent dyes. This 
approach is modeled upon the automated assays currently used for 
nonisotopic DNA sequencing. The final choice of fluorescent dye 
combinations used for these assays are determined empirically 

15 during the course of the first year of this grant. 

Alternatively, one can label different NAPs with different 
antigenic groups, so that RNAs could be distinguished with 
antibodies, a method already utilized in many automated assays. 

Deoxyribonuclease NAP Protection Assay 

20 For the DNA NAP assay, one can incorporate commonly used 

methods for the immobilization of DNA onto resins or microtiter 
plates. If, for example, a 96-well microtiter plate were coated 
with streptavidin, then DNA tagged at the 5' end with biotin 
could be efficiently immobilized. In this way, the DNA NAP and 

25 any RNA to which it hybridizes, could be immobilized on a solid 
matrix, while other components of the hybridization mixture 
could be washed away. 

The following approach can be followed for establishment of 
an automated DNase NAP Protection Assay. 

30 1) DNA oligonucleotides can be synthesized which are 

tagged at the 5' end with one of many groups that would allow 
immobilization of the DNA to a solid matrix (for example 
biotinylated nucleotides and streptavidin-agarose resin) . The 
DNA NAPs can be multiply-labeled by either: 

35 a) incorporating several (5-10) 5-S-DNP-dUs into the 

5'-tagged oligonucleotide, and then synthesizing 
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full length DliA NAP by PGR with unmodified dNTPs. 
incorporating multiple (50-100) 5-S-DNP-dUs into the 
body of the DNA product produced by PGR by using 5- 
S-DNP-dUTP as a substrate. 

5 2) The 5' end-labeled, internally reporter-labeled DNA 

NAPS can be deprotected and modified with one of the reporter 
groups chosen in the studies described above. 

3) Reaction mixtures can be prepared containing multiple 
mRNA targets and one or more reporter-tagged NAPs. 

10 4) After hybridization, reactions mixtures can be treated 

with nucleases specific for single-stranded nucleic acids (such 
as SI or Mung Bean Nucleases) , to produce the protected mRNA 
species. 

5) Reactions mixtures can be added to microtiter plates 
15 coated with Streptavidin (for 5'-biotin labeled DNA) or other 

materials which are specific for binding the groups commonly 
used to tag DNA probes. Since the 5' end of the DNA is 
protected during the NAP-protection assay (see Fig. 1) , and NAP 
which does not hybridize are degraded by nuclease, the only 
20 material which should bind to the solid matrix is the DNA- 
mRNA hybrid. 

6) Microtiter plates can be washed to remove 
unincorporated nucleotides, thereby removing essentially all 
background s igna 1 . 

25 7) Plates can be analyzed with a fluorescent microtiter 

plate reader to quantify the relative amounts of mRNAs produced 
for different NAPs. 
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Changes may be made in the compounds described herein or in 
the steps or the sequence of steps of the methods of synthesis 
or use of the compounds described herein without departing from 
the spirit and scope of the invention as defined in the 
5 following claims. 



BNSDOCID: <WO 9803532A1.IA> 



SUBSTITUTE SHEET (RULE 26) 



WO9»03532 



PCT/US97/12888 



63 

What is claimed is: 

1. A nucleotide analog of the formula; 




15 



wherein 

R, is -H, -OH, a mono, di, or triphosphate group, or 
5 -OR,; 

Rj is -H, ^OH, a mono, di, or triphosphate group, a 
phosphoramidite group, a phosphorothioamidite 
group, a p.hosphonate group, an O-substituted 
monophosphate group, -oR,, or a solid support 
^° bonded via an O at the 3' position; 

R, is -H, -OH, a mono, di, or triphosphate group, or 
-OR,; 

R, is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position on said 
base that is not involved in Watson-Crick base 
pairing or does not disrupt normal Watson-Crick 
base pairing, said protected thiol group being 
stable under conditions of chemical nucleic acid 
synthesis and/or conditions of enyzmatic nucleic 
synthesis and being convertible to a reactive 
thiol after said synthesis. 

2. The nucleotide analog of Claim 1 wherein said base is 
selected from the group consisting of cytosine and uracil. 

3. The nucleotide analog of Claim 1 wherein said base 
compromises an additional protecting group on a reactive moiety 
of said base. 

4.. The nucleotide analog of Claim 3 wherein said base is 
selected from the group consisting of N^-anisoyl cytosine, N^- 
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benzoyl cytosine, N"*-isobutyry 1 cytosine and N'^-acetyl cytosine. 

5. The nucleotide analog of Claim 1 wherein said protected 
thiol group on said base is selected from the group consisting 
of thiodinitrophenyl (-SDNP) , thioalkyldinitrophenyl (-S-Rn,- 
DNP) , and alkyldisulf ide (-S-S-Rn,) wherein R^, is a lower alkyl. 

6. The nucleotide analog of Claim 1, wherein the 
protecting group of R| is selected from the group consisting of 
p- (dimethoxytrityl) , p- (monomethoxytr ityl) , f luorenylmethyl- 
oxycarbonyl, levuloyl and 9-phenylxanthene-9-y 1 • 

7. The nucleotide analog of Claim 1, wherein protecting 
group of R3 is selected from the group consisting of l-(2-chloro- 
4-methy Iphenyl) -4-methoxy-4-piperidinium, 2 ' -acetal , o- 
nitrobenzyl, tert-buty Idimethyl silyl, tetrahydrof uranyl and 4- 

5 methoxy tetrahydropyr any 1 . 

8. The nucleotide analog of Claim 1 wherein R, is -OR4 
wherein R4 is a protecting group and R2 is a phosphoramidite 
group . 

9. The nucleotide analog of Claim 8 wherein said base is 
cytosine, or uracil. 

10. The nucleotide analog of Claim 9 wherein said base 
comprises an additional protecting group on a reactive moiety of 
said base. 

11. The nucleotide analog of Claim 12 wherein said base is 
selected from the group consisting of N*'-anisoyl cytosine, N"*- 
benzoyl cytosine, N"*-isobutyry 1 cytosine and N"*-acetyl cytosine. 

12. The nucleotide analog of Claim 8 wherein said 
protected thiol group of said base is selected from the group 
consisting of thiodinitrophenyl (-SDNP) , thioalkyldinitrophenyl 
(-S-Rjo-DNP) , and alky Idisulf ide (-S-S-R,i,) wherein R^, is a lower 
alkyl. 
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13. The nucleotide analog of Claim 8 wherein the 
protecting group of R, is selected from the group consisting of 
p-(dimethoxytrityl) , p- (monomethoxytr ityl) , f luorenylmethyl- 
oxycarbonyl, levuloyl, and 9-phenylxanthene-9-yl . 

14. The nucleotide analog of Claim 8, wherein the 
protecting group of R3 is selected from the group consisting of 
1" (2-chloro-4-methylphenyl) -4-methoxy-4-piperidinyl , 2 ' -acetal , 
o-nitrobenzyl, tert-buty Idimethyl silyl, tetrahydrof uranyl and 
4-methoxytetrahydropyrany 1 . 

15. The nucleotide analog of Claim 1 or 8, wherein said 
phosphoramidite of R^, is represented by the formula- 

0 

Rft is a lower alkyl, cyanoethyl or a substituted lower 
alkyl; and 

R7 and Rg are independently lower alky Is, or when taken 
together with the nitrogen to which they are 
attached comprise one of the groups: 




or 




-o 



16. The nucleotide analog of Claim 1 wherein R, is -OR4 
wherein R4 is a protecting group and R3 is a phosphorothioamidite 
group . 
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17, The nucleotide analog of Claim 1 or 16, wherein said 
Rj is a phosphorothioamidite represented by the formula: 

I 

0 

A j^^ 

S N 



wherein 



'8 



Rft is a lower alkyl, cyanoethyl or a substituted lower 
alkyl; and 

R7 and Rg are independently lower alkyls, or when taken 
together with the nitrogen to which they are 
attached comprise one of the groups: 



— N 





or 



18. The nucleotide analog of Claim 1 wherein R2 is an O- 
substituted monophosphate group selected from the group 
consisting of -2-chloropheny 1 monophosphate, 0-2,5- 
dichlorophenyl monophosphate, 0-2 , 2 , 2-trichloroethy 1 
monophosphate and the N oxide of 4-methoxypyr idine--2-methylene 
monophosphate. 

19. A nucleotide analog of the formula: 



wherein 




R, IS -H, -OH, a mono, di, or triphosphate group, or 
-OR,; 

Rj is a phosphoramidite group; 



BNSDOCID: <WO 9803532A1JA> 



SUBSTITUTE SHEET (RULE 26) 



10 



wo 98/03532 

PCT/US97/12888 

67 - . 

Rj is -H, -OH, a mono, di, or triphosphate group, or 

-OR.; 

R4 is a lower alkyl or a protecting group; and 
B is a modified pyriinidine base comprising a 
thiodinitrophenyl group attached at the 5 
position on said pyriinidine base. 

20. The nucleotide analog of Claim 19 wherein said base is 
selected from the group consisting of N^-anisoyl cytosine, N*- 
benzoyl cytosine, N*-isobutyryl cytosine and N*-acetyl cytosine. 

21. The nucleotide analog of Claim 19, wherein R, is -OR4 
and R, is a protecting group selected from the group consisting 
of p-(dimethoxytrityl) , p- (monomethoxytrityl) , f luorenylmethyl- 
oxycarbonyl, levuloyl, and 9-pheny lxanthene-9-yl . 

22. The nucleotide analog of Claim 19 wherein said 
phosphoramidite of Rj is represented by the formula: 

I 

0 

I 

Rft is a lower alkyl, cyanoethyl or substituted lower 
alkyl; and 

R7 and Rg are independently lower alkyls, or when taken 
together with the nitrogen to which they are 
attached form the groups: 



wherein 




-o . » -o 



23. The nucleotide analog of claim 22 wherein R« is 2- 
cyanoethyl, R, is isopropyl and Rg is isopropyl. 
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24. The nucleotide analog of Claim 23 wherein said base is 
uridine or deoxyuridine . 

25. The nucleotide analog of Claim 24 wherein R, is -OR4 
and R4 is p- (dimethoxytrityl) . 

26. A nucleotide analog of the formula: 




wherein: 

Ri is -H, -OH, a mono, di, or triphosphate group, or 
-OR4; 

5 R3 is -H, -OH, a mono, di, or triphosphate group, a 

phosphoramidite group, a phosphorothioamidite 
group, a phosphonate group, an O-substituted 
monophosphate group, -OR4, or a solid support 
bonded via an O at the 3' position; 
10 Rj is -H, -OH, a mono, di, or triphosphate group, or 

R4 is a lower alkyl or a protecting group; and 
B is a modified pyrimidine base comprising a protected 
thiol group attached at the 5 position oh said 
15 base. 

27. The nucleotide analog of Claim 26 wherein said base is 
cytosine, or uracil. 

28. The nucleotide analog of Claim 26 wherein said 
protected thiol group on said base is selected from the group 
consisting of thiodinitropheny 1 (-SDNP) , thioalky Idinitropheny 1 
(-S-R,^-DNP) , S-phenylacetamidomethyl (-S-CH^NHCOCHiPh) wherein R,o 
is a lower alkyl. 

29. The nucleotide analog of Claim 26, wherein R^ is a 
monophosphate, a diphosphate, or a triphosphate. 
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30. An oligonucleotide containing the nucleotide analog of 
any one of Claims 1, 8, 16, 19, or 26. 

31. A method of producing the nucleotide analog of any one 
of Claims 1, 8, 16, 19, or 26 which comprises preparing a thiol- 
protected nucleoside or nucleotide base wherein said thiol is 
attached to the 5 position on said base; reacting said 

5 nucleoside or nucleotide base under conditions to effect 

conversion of said base to a phosphoramidite, 
phosphorothioamidite , phosphonate , O-substituted monophosphate 
or phosphate nucleotide analog and under conditions which do not 
destroy the protected thiol; and recovering said analog. 

32 . A method of synthesiz ing a nucleic acid having an 
attached functional group which comprises incorporating a thiol- 
protected nucleotide analog of any one of Claims 1, 8, 16, 19, 
or 26 into a nucleic acid by a chemical or enzymatic method of 

5 nucleic acid synthesis; recovering said nucleic acid containing 

said analog; deprotecting the analog of said nucleic acid to 
produce a nucleic acid containing a reactive thiol group; 
treating the reactive thiol group with a thiol modifying reagent 
to thereby attach a functional group and produce said nucleic 
10 acid with an attached functional group; and recovering said 

nucleic acid with said attached functional group. 

33. The method of Claim 32 wherein said functional group 
is selected from the group consisting of a photocrosslinker , a 
crosslinker, a reporter molecule, a radioisotope, a fluorescent 
group, a spin label, chemiluminescent or an antigenic group. 

34. The method of Claim 33 wherein said photocrosslinker 
is an aryl azide. 

35. The method of Claim 33 wherein said reporter group is 
biotin, an enzyme, or a fluorescent molecule. 

36. The method of Claim 33 wherein said fluorescent group 
is fluorescein. 
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37. A method for producing a deoxyuridine analog having a 
protected thiol group on the 5 position, comprising: 

reacting a diacetyl 5-thiocyanate deoxyuridine to form 
a 5-dinitrophenylthio deoxyuridine; 
5 converting said 5-dinitrophenylthio deoxyuridine to a 

phosphoramidite, phosphorothioamidite , 
phosphonate, O-substituted monophosphate or 
phosphate nucleotide analog under conditions 
which do not destroy the 5-dinitrophenylthio 
10 group; 

and recovering said 5-dinitrophenylthio deoxyuridine 
analog . 
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FIGURE 4 
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FIGURE 3 
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